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SATUKATBD STEAM, AND OTHEE TAPOES. 


^ A coMPAEisoN of tlip several tables of the properties of saturated steam, 
expressed m English units, reveals discrepancies of considerable magnitude;- 
and investigation shows tliat, while all are in some manner founded on the 
experiments of Hegnaiilt, various methods of calculation have been used and 
ill some cases other experimental data have been employed. A review of 
the whole subject, in connection with the preparation of notes on thermo- 
dj mimics for the use of tlie students of the Massachusetts Institute of 
Technology, made it seem important to calculate a set of tables, to accompany 
those notes, founded on the best and most recent data. 

In presenting the tallies for general use, it appears proper to state in full 
the data and the methods of calculation employed, so that each one may 

see the degree of accuracy and correctness of the tables, and the reliance 
to be placed on them. 

I allies of tlio properties of other vapors have been added, which will be 
d iBC u Bs ed liereafter. 

Pressure of Saturated Steam.— As a conclusion from all the experiments 
on the tension of saturated steam, Regnault gives, in the Mmmrea de 
I histUiit de France, etc., Tome XXL, the following data; — 


IfiliATUEB 

0 . 

PKBSStJBB 

MM. OP MERCURY. 

-82 

0.82 

-16 

1.29 

0 

4,60 

25 

23.55 

50 

91.98 

75 

288.50 

100 

760.00 

180 

2030.0 

160 

4651.6 

190 

9426. 

220 

17890. 

-20 

0.91 

+40 

54.91 
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From these data he calculated, by the aid of seven-place logarithms, the 
following forniiiloe, which give the pressure in millimetres of mercury for 
any temperature in degrees Centigrade: — 

A. For steam from — B2'’ to 0° C. 

p = a 4- ba". 
a - - 0.08038. 
log b = 9.r)()24724 - 10 . 
log a = 0.03331)8. 
n = 32° - L 

B. I'or steam from 0° to 100° C. 
log j) == a — IkP -I- cfi^. 

a = 4.7384380. 
log b = 0.0110483. 
log c = 8.1340339 - 10, 
log a = 9.9907^549 - 10. 
log /3 =i O.00G80503G. 
n = t. 

0 . For steam from 100° to 220® O. 
log p = a — ha" + 
a =! 5.4383895. 
log b = 0.4121470. 
log c « 7.7448901 ~ 10. 
log a 0.997412127 - 10. 
log /i = 0.007590097. 
n-t- 100. 

D. For steam from - 20° to 220° 0^ 
log j) = a — b(P — cjS’h 
a C.2C40348. 
log b 0.1B97743. 
log c = 0.0924351. 
log a = 9.994049292 - 10. 
log^ = 9.1)98343802 - 10, 

■Jl sa ^ -j- 20. 

By aid of the formulae A and i3, Begnanlt calculated and recorded tables 
of the pressures of saturated steam for tomperatnros from — 32° to 100° C, 
The formula D was calculated from the data given above for the temperatures 
— 20°, +40°, 100°, 160°, and 220° C., and was intended to represent the 
whole range of experiments. By tins formula, instead of formula 0, he 
calculated the preaanros set down in his tables for temperatures from 100° C. 
to 220° C. 

Wishing to obtain greater accuracy for meteorological work, Moritz re¬ 
calculated Equation B, using ten-place logarithms, and obtained constants 
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that diffei hut little from those that will he given later. Some of the more 
recent tables in the French system were calculated by his equations. 

Equations for the Pressure of Steam at Paris, — In view of the preceding 
statements, it apj)eared desirable to re-calculate the constants for Equations 
B and O', with a degree of accuracy that should exclude any doubt as to the 
reliability of the results. Accordingly, the logarithms required were taken 
lioin \ ega s ten-place table, and then the remainder of the calculations were 
caiiied on with natural iiumbers, checking by independent methods, with the 
following results : — 

B. For steam from 0° to 100° C. 
log p = a — 6a” -f- c^”. 

a = 4.78<)3()22142. 
log 6 = 0.6117400190. 
log c = 8.1320378383 - 10. 
log tt 0.996725532820 - 10. 
log ^ = 0.006864675924. 
n = t. 

G. For steam from 100° to 220° C. 
log p as a — 6a” -f c/5”. 

a « 5.4574301234. 
log b = 0.4119787931. 
log c = 7.7417476470 - 10. 
log a = 9.99741106346 - 10. 
log^ = 0.007642489113. 
n ^ t - 100. 

To show the degree of accuracy attained, the following tables are 
given: — 

Equation B. 


t. 

P- 

LOO p miOM TABLU 

LOG- p OALCTJLATBD 

OF LOaAItnTIMS. 

BY EQUATION. 

0 

4.60 

0.6627578317 

- - .. - n , 

25 

23.55 

1.3719909115 

1.37199097 

50 

91.98 

1.9636934052 

1.96369346 

75 

288,50 

2.4601458175 

2.46014587 

100 

760 

2.8808135923 

2.88081365 



Equation G. 


u 

P- 

LOO p FROM TABI.® 

LOG p OALCTTLATBD 


OF LOOAEITHMS. 

BY EQUATION. 

100 

760.00 

2.8808135923 

. . 

130 

2030.0 

3.3074960379 

3.807496036 

160 

4651.6 

3.6676023618 

3.667602359 

190 

9426 

3.9743274354 

3.974327428 

220 

17390 

4.2402995820 

4.240299575 
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The results from Equation C are quite satisfactory; for the errors come in 
the ninth place of decimals, and one place of decimals is unavoidably lost 
in the application of the formula. Equation B was calculated after Equation 
O and the numerical work was not carried to so large a nuinber of decimal 
places. For the calculation of tables, the constants are carried to seven places 
of significant figures only; this gives six significant figures in the result, of 
which five are recorded in the table. 

Pressure of Steam at Latitude 45°. — French System. — It is customary to 
reduce all measurements to the latitude of 45°, and to sea-level. The stand¬ 
ard thermometer should then have its boiling and freezing points determined 
under, or reduced to such conditions. The value of g, the acceleration due 
to gravity, is, at Paris, latitude 48° 50' 14" and GO metres above sea-level, 
9.809218 metres; and at 45°, and at sea-level, it is 9.80G05() metres. Con¬ 
sequently, 7G0 mm. of mercury at 45° gives a pressure equal to that of 
759.755 mm. at Paris; and this corresponds to a temperature of 9t).°991 C. 

In other words, the thermometer wdiich is standard at 45° has each degree 
0.99991 of the length of the degree of a thermometer standard at Paris. 

To reduce Equation B to 45° latitude, we have 


► log p 

and for Equation (7, 


a + log + c/3“‘; 


loo- 5) = a 4- loo- —_ ^(.(().»ou-ioo) . gO(o.owi<-ioo) 
« -t- 9 yy.tJ 056 ^ 


a + log 


980.9218 

980.G05G 


-o.nofl 08091 («-ioo) ^o.i 


lO.OUOOl «-100) 


The resulting equations which were used in caleulating Table III are 
B. For steam from 0° to 100° 0. at 45° latitude, 
log P = etj — 6ai" -f C/Sj”. 

cq = 4.789502. 
log 5 = 0.6117400. 
log 0 = 8.18204 - 10. 
log ai = 9.996725828 - 10 
log/?! = 0.0068641. 
n =: t. 

0 . For steam from 100° to 220° C. at 46° latitude, 
log p = «! - Jjai” + 

% = 5.457570. 
log = 0.4120021. 
log Cl = 7.74168 - 10. 
log ai - 9.997411296 ~ 10. 
log = 0.0076418. 
w = « - 100. 
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Pressure of Steam at Latitude 45°. — English System. —To reduce the 
equations for the pressure', of steam, so that they will give the pressures in 
pounds on the s(puire inch for degrees Fahrenheit, there are required the com¬ 
parison of measures of length, and of weight, the comparison of the scales 
of the thermometers, a,nd the speeilic gravity of mercury. 

I’rofessor Rogers (Proceedlugn of the Am. Acad, of Arts and Sciences, 
18iS2-8,‘f also Additional Observations, etc.) gives for the length of the metre, 
3'.).<3702 inches. This differs from the value given by Capt. Clarke (Fro- 
ceedings of the, Mogal Societ)/, vol, xv., 2800), hy an ainonut that does not 
affect the values in the tables ; his value l)eing 30.370432 inches. 

Professor Miller {Phil. Transactions, cxlvi., 2850) gives for the weight 
of one kilogram, 2.204()212o pounds. 

Kegnault gives, for the Weight of one litre of mercury, 13.5050 kilograms. 

The degree Fahrenheit is | of the hmgth of the degree Centigrade. 

l et • 

30 . 3702 “ 

tlum the equations li and C have for the reduction to degrees Fahrenheit, 
and pounda on tlie square inch, 

log sa f/j + log IC — + 0/3®“, 

log p « + log k - -b Cj 

Tlie resulting equations, which were used in calculating Tables I and II, 
arc: — 

ii. For steam from 32° to 212° F., in pounds on the square inch, 
log p = rta - haf + 

«2 8.025008. 

log?) 0.6117400. 
log 0 « 8.13204 - 10. 
log fxg « 9.008181015 - 10. 
log/3a 0.0038134. 

n ss t 82. 

0, For steam from 212° to 428° F., in pounds on the square inch, 
logp « tta - +Ci/3a". 

tta = 8.743076. 
log = 0.4120021. 
log Cj sa 7.74168 - 10. 
log fxa S5S 9.008561881 - 10. 
log/9a = 0.0042454. 
n « ? - 212. 

AH of the foregoing eqnations make the pressure a function of the tem¬ 
perature on the scale of the air-thermometer. It will be assumed that the 
difference between that scale and the absolute scale may be neglected. 
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Other Equations for the Pressure of Steam. — Raukiiie, in his Steam 
Engine and other Prime Movers, gives the following equation: — 

log p — M. rju 

For pounds on the square inch, corresponding to degrees Fahrenheit, — 

A = G.1007. 
log B = 3.43(542. 
log G = 5.50873. 
y = ^ + 4G1.°2 F. 

This equation has been largely used for calculating tables on the English 
system. The following table will give a comparison between the results from 
this formula and those from Forrauhe B and 0. ’ 

TJBMPBBATUEE. PRTSSSITKB. 


32 

Rogiiault lit 45“ lalitude. 

0.0890 

Rankliio. 

0.083 

77 

0.4555 

0.452 

122 

1.7789 

1.78 

167 

5.579 

5.58 

212 

14.99 

14.70 

257 

83.711 

83.71 

302 

69.27 

69.21 

347 

129.79 

129.8 

392 

225:56 

225.9 


428 330.26 83G.3 

Differential Co-efficient — As will bo seen later, the differential 
dt 

co-efficient is used in calculating the volume and density of saturated 
etc 

vapors. 

From the general equation of the form, 

log p =: a + h(P 4- 

differentiation gives 

- ^ «log ^ • /?*, 

in which M is the modulus of the common system of logarithms. 

The equation may be written, — 

i- ?? =s A(P + B/3^. 

p dt 

The calculation of the values of the constants gives the following results 
for latitude 45“ : — 
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Freiieh units. 

B. I^or 0° to 100° C., mm. of mercury, 
log = 8.8512729 - 10. 
log B = 6.G9305 - 10. 
log = 9.99G725828 - 10. 

log = 0.00G8G41. 

<7. For 100° to 220° C., mm. of mercury. 

log A = 8.5495158 - 10. 
log II = G.34931 - 10. 
log (Xi = 9.997411296 - 10. 
log yOi = 0.007G418. 

English units. 

B. For 32° to 212° F., pounds on the square inch, 
log A = 8.59G0005 - 10. 
log B = 6.43778 - 10. 
log aa == 9.998181015 - 10. 
log Aa 0.008813:1. 

0. For 212° to 428° F., pounds on the square inch, 
log A = 8.2942434 - 10. 
logir=: G.09403 - 10. 
log ag = 9.9986G1831 - 10. 
log /8a == 0.0042454. 

Heat of the Liquid and Specific Heat. — A preliminary series of experi¬ 
ments couvineed Kegnault that the specitic heat of water at low temperature 
is imity. To test the specific heat at higher temperatures, he ran hot water 
from a boiler, and at a known temperature, into a calorimeter in which the 
temperature varied from 8° to 14° C., and the resulting upper temperature 
varied from 17° to 29° C. Knowing the original weight of water in tlie 
calorimeter, the weiglit run in from the boiler, and the initial and final 
temperatures in the calorimeter, he calculated the mean specific heat of water 
between the teraiieraturc of the boiler and the final temperatures of the 
calorimeter. A series of forty such experiments was made, with the tem¬ 
perature of the boiler varying from 108° to 192° C., from which Regnault 
concluded that the mean spceific neat from 0°to 100° is 1.005 ; and from 0° to 
200°, 1.016, The corresponding heat of the liquid, i.e., the heat required 
to raise one kilogram of water from 0° to a given temperature, t, is 

For 100° .... 100.6 

200° .... 203.2 

Assuming an equation of the form 

g s=: t -V At^ -f- Bt^y 


j|2 SATURATED STEAM, AND OTHER VAPORS. 

and solving for tlie two constants by aid of the two known values of g, the 
following equation, which is commonly used, is deduced: 

q = tA- 0.00002t^ + O.OOOOOOSi®. 

The specific heat at any temperature is, therefore, — 

c = — 1 + 0.00004i -h O.OOOOOOO?"^. 

cU 

These equations are for use with the Centigrade scale; for the Fahrenheit 
scale, a given temperature may be reduced to the Centigrade scale, and then 
introduced in the same equations. 

The process of making the experiments is really a complex one ; for the 
water, in leaving the boiler, has work done on it by the steam picssiuc in 
the boiler, and it has a certain velocity impress on it at the same time, and 
again, in entering the calorimeter, it does work against the atmospheric 
pressure, and the kinetic energy of its motion is changed into heat. At 
higher temperatures there is a double change of state; part of the waiter 
changes to steam on leaving the boiler, and that steam is condensed again in 
the calorimeter. It is probable that the error of neglecting the effect of these 
several actions is inconsiderable. 

The degree of accuracy to be accorded to this work is^ indicated by the 
fact that Regnault gives four significant figures in stating the data for 
the calculation of the constants in the equations, 

Rowland’s Experiments. — A series of experiments was made by Rowland 
at Baltimore, to determine the mechanical equivalent of heat, which gave a 
delicate method of determining the heat of the liquid, and the specific heat. 

The apparatus used was similar to that used by Joule, with raodifieationa 
to give greater certainty of results. The calorimeter was of larger size, and 
the paddle had the upper vanes curved like the blades of a centrifugal pump, 
to give a strong circulation up through the centre, past the thermometer for 
taking the temperatures, and down at the outside. Ihe paddle was driven 
by a petroleum engine, and the power applied was measured by making the 
calorimeter into a friction brake, with two arms at winch the turning moment 
was measured. Radiation was made as small as possible, and then was made 
determinate by use of a water-jacket outside of the calorimeter. 

The experiments consisted essentially in delivering a measured amount of 
work to the water in the calorimeter, and in noting the rise of temperature 
produced thereby. 

The whole range covered by the experiments was from 2° to 41® C. The 
results show that 430 kilogrammetres of work are required to raise one kilo¬ 
gramme of water from 2° to 3° C. Assuming that the same amount will l)e 
required to raise the same weight from 0“ to 1° and from 1° to 2°, the follow¬ 
ing table has been arranged from Rowland’s final table of results ; — 
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ROWLAND’S MECHANICAL EQUIVALENT OF HEAT. 


Degrees, 0. 

Total Number 
of Kilogram- 
meters. 

Mechanical 
Equivalent 
of Heat. 

Heat of the 
liquid, 
Experimental. 

Heat of the 
Liquid, 
Calculated. 

Degrees, 0. 

Total Number 
of Kilogram- 
meters. 

Mechanical 
Equivalent 
of Heat. 

Heat of the 
Liquid, 
Experimental. 

Heat of the 
Liquid, 
Calculated. 

1 

430 


1.00(58 

1.007 

22 

9424 

426.1 

22.065 

22.063 

2 

8(50 

— 

2.0135 

2.014 

23 

9850 

42(5.0 

23.063 

23.061 

a 

12(10 


3.0204 

3.022 

24 

10277 

425.9 

24,062 

24.059 

4 

1721 


4.0295 

4.020 

25 

10701 

425.8 

25.055 

25.058 


21 fiO 

429.8 

5.0339 

5.03(5 

2(5 

11128 

425.7 

20.064 

2(5.Ui)3 

27.048 

/I 

2580 

42,9 5 

(5.0408 

(5.040 

27 

28 

11558 

425.(5 

27.050 

7 

3000 

429.3 

7.0452 

7.045 

8.049 

11078 

425.6 

28.045 

28.042 

8 

3439 

429.0 

8.0520 

20 

12:599 

425.5 

29.031 

29.037 

u 

10 

38(58 

429(5 

428.8 

428.5 

0.05(54 

10.050 

9.054 

10.058 

30 

31 

12828 

13253 

425.6 

425.6 

30.035 

31.030 

82.018 

33.016 

30.032 

31.027 

11 

4723 

Kirn 

428.3 
428, ( 

11.058 

12.0(51 

11.060 

12.0(51 

32 

33 

13(575 

14101 

425.(5 

425.7 

,32.023 

:33.018 

Hi 

i, 1J L 

5578 

427.(1 

13.0(50 

13.063 

34 

14527 

425.7 

.34.011 

84.034 

14 

15 

(500(5 

(5433 

427,7 

427.4 

14.0(53 

15.0(55 

14.064 
15.0(5(5 

35 

3(5 

14952 

15379 

425.8 

425.8 

85.008 

36.008 

35.009 

8(5.007 

1(5 

17 

(58(5 i 

427.2 

1(5.0(54 

1(5.0(5(5 

37 

15805 

- 

37,007 

37.005 

7280 

427.0 

17.0(5(5 

17.066 

38 

1(5231 

1(5(557 

17083 

-- 

38.00:5 

38.004 

IB 

10 

7717 

8(44 

42(5.8 
42(5. (5 

18.0(58 

19.0(58 

18.0(5(5 

lO.OOO 

39 

40 


39.000 

39.998 

40.90:3 

39.002 

40.000 

20 

8571 

42(5.4 

20.0(58 

2().0(5(S 

41 

17508 

- 


21 

8997 

42(5.2 

21.0(55 

21.064 







In the al)Ove table, eolnnm 1 gives tlie number of degrees above freezing 
on the Centigrade scale; column 2 gives the number of kilogrammetres 
required to raise one kilogramme of water from freezing point to the given 
temperature; column 3 is Rowland’s mechanical equivalent of heat at the 
given temperature derived from 10° intervals on column 2; column 4 is 
obtained by dividing the numbers in column 2 by the mechanical equivalent 
of heat at 16|° C., or 02° F., from column 8 ; and column 5 is calculated by 
considering the speciflc heat to be constant for each five degrees of tempera¬ 
ture. These specific heats were derived from a curve obtained by plotting 
temperatures for absciss®, and heats of the liquid for ordinates. The values 
of the specific heats will be given later, in connection with those for higher 
temperatures. 

A review of the preceding table shows that the specific heat at low tem¬ 
peratures varies quite markedly, so that it appeared advisable to investigate 
the effect of this variation on Regnault’s experiments already quoted. 
This was done quite expeditiously by multiplying the mean specific heat given 
by him for his several experiments by the true average specific heat for the 
range of temperature in the calorimeter. This corrected specific heat was 
then used to calculate the increase of heat from the final temperature of the 
calorimeter to the temperature of the boiler, and that increase was added to 
the heat of the liquid from the table to find the heat of the liquid at the 
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temperature of the boiler. The results were then plotted as before, and 
compared with the heats of the liquid derived from Reo-muilt’s mean specific 
heats uncorrectecl. The points by the corrected method were a little more 
recmlarly arranged than the points obtained by assnining the spcunOc heat to 
be unity at low temperatures ; but the improvement wuis ineonsideiable. Iho 
inequality of the specific heat at low temperatures is seldom so mucli as the 
unavoidable errors of the method. 

It appeared, that if the specific heat was assumed to be (‘onstant, from 
40° to 45°, from 45° to 155°, and from 155° to 200° (h, tlie straight lines thus 
drawn represented the experimental value's as naaihailated quitti lu'arly; and, 
further, they represented the imcorree.tc'd exiieriuu'iital values more nearly 


than Regnault’s equation. 

Specific Heat of Water. — The eombiiiatioii of Rowland’s and Regnault’a 
experiments on the heat of the litiuid by the methotl desi-ril.t'd gives the 
specific heats set down in the following table, Centigrade scale : — 

seru’iFic nuivr. 


From 0°to 
5° 
10 ° 
15° 
20 ° 
25° 
30° 
35° 
40° 
45° 
155° 


5° C. 

32° to 

41" F. . 

. 1.0072 

O 

o 

41° 

50° 

1.00.14 

15° 

50" 

50° 

. 1.00 If. 

20° 

50° 

08° 

. 1. 

25° 

08° 


0.0084 

30° 

77° 

80° 

. 0.0048 

35° 

HG° 

05° 

. O.Oitol 

40° 

05° 

104° * 

. ().0itH2 

45° 

101° 

113° 

. 1. 

155° 

113° 

311° 

, l.OOH 

200° 

311° 

,102° 

l.tMi: 


Thermal Unit. —Heat is nu'asureil in ealories, or British thermal units 
(BTU). A calorie eoinmonly is dellned a.s the heat required to raiH^^ one 
kilogramme of water from Ireexiug point to 1 («? and a Britihli thermal 
unit, that required to raisi; one pound from 02" to OH" I'\ Nothing is known 
about the specific heat of water from 0° to 2° C.; ctmHeqiU'Utly the commonly 
accepted value of the thenmd unit is an ideal quantity inferred frtnn the 
behavior of water at higher tem|)crature.H. It is mori* Hcientifie to take an 
easily verified quantity for the standurtl; and there is a pra«*lieal cuuvt'uienee 
in choosing G2° F. for the standard temperature, beeaiwi* it is near the mean 
temperature of the air during experimental work. Therefore, It in near the 
mean temperature in the calorimett'r during ordinary work with that iimtru- 
rnent; and the specific lieat of water for tlie range of temperature in the 
calorimeter may usually be considered to lie unity without m'rur, unleKs great 
refinement is desired. 

The BTU in Tables I and II is taken to Im the heat required to mise 
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one poiiiKl of water from (32° to (38° F. This agrees substantially with the 
delhiition of tlui calorie, as the heat required to raise one kilogramme of 
fvater from 1")° to 1(3° C. 

Ill the tables for other vapors than steam, the old definition for the calorie, 
and Keguault’s value for the heat of the liquid, are retained, to avoid entire 
reealculatioii. 

Mechanical Equivalent of Heat.—The mechanical equivalent in metre- 
kilogiaumnes of oiu*. (ailorie at l(i|° C., dediUH'd from Rowland’s experiments 
in the third column of the table on page 58, is 427.1. 

* SiiuH' lilt' value given liy Joule is commonly quoted, it will he of interest 
to ma,ke a (‘ompa,rison of his latest work (1878) with Rowland’s, as given in 
the following tabUi: — 


'riMupcrulUTO. 

.Iihi1<'’h VuliU' lit 
Miuu'lutKtor, 

Rcdiuiiid to tho Aiv VhormanuiUu’ 
uiid U) till! liiUtiuli! of BtUlliiioi’i). 

IlawIand’H Value, 

KiigltHh Syntmii, 

KukIIkIi, 

Freiuih. 

con'OHpouding. 

1 1.70 

772.7 

77(1.1 

425.8 


12,7° 

774.8 

77S..5 

427.1 

ir...5o 

778.1 

770.4 

420.0 


i.|.r,o 

7(17.0 

770.5 

422.7 

427.5 

17,8® 

774.0 

777.0 

420.8 

420.1) 


I'lu' valite of f/ at. Baltimore, latil.ude 81)° 17', is 1)80.05 centimetres there¬ 
fore, reducing to 45° of latitude, and at the sea level, the value of the 
mechanical equivalent of heat is 
J =S 42(3.1). 

To reduce to the English system, multiply by |, and by the length of the 
metre in fei4,, so tluit 

J ^ 778. 

Total Heat " -This term is defined as the heat required to raise a iinit of 
weiglit of water from freezing point to a given temiierature, and to entirely 
evaporate it at that temperature. The expm-imenta made liy Regnault were 
in the reversi' order; that is, steam was led from a lioiler into the calorimeter, 
and there eomlensed. Knowing the initial and final weights of the calori¬ 
meter, the lernpm’ature of the steam, and the initial and final temperatures 
of the water in tin? ealorlmetor, he was able, after applying the necessary 
eorreetioiiH, to (’aleulate the. total heats for the several experiments. 

As a eonclnshm of the work, he gives the following values for the total 
(uCals;«— 


10 ° 

610 

By equation, 609.6 

03° 

625 

625.2 

10 (f 

1 

687 

(til a 
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Assuming an equation of the form 

X = A -}- St, 

Regnault calculated the constants from the values given for 100° and 195°, 
and gives the equation 

X = 606.5 4- 0.305i. 

Wishing to see the effect of the varying value of the specific heat at low 
temperatures, I recalculated the total heats given by experiment, by a method 
resembling that used in recalculation of the heats of the liquid, and plotted 
the results together with Eegnault’s values uucorrected. The recalculated 
points were a little more regular than the original ones, and lay nearer the 
line represented by the above equation. Especially did the recalculated 
points for those experiments, for which the true mean specific heat of the 
water in* the calorimeter was nearly unity, lie near that line. It therefore 
appears that the equation represents our best knowledge of the total heat of 
steam. 

For the Fahrenheit scale the equation becomes 
X = 1091.7 + 0.305 {t - 32). 

Heat of Vaporization. — If the heat of the liquid be subtracted from the 
total heat, the remainder is called the heat of vaporization, and is represented 
by r, so that 

r = X — g. 

Internal and External Latent Heat. — The heat of vaporization overcomes 
external pressure, and changes the state from liquid to vapor at constant 
temperature and pressure. Let the specific volume of the saturated vapor be 
s, and that of the liquid be cr, then the change of volume is s — o- = rt, on 
passing from the liquid to the vaporous state. The external work is 
p{s — (t) = 2'>u, 

and_the corresponding amount of heat, or the external latent heat, is 

Ap(s — (j) = Apii, 

A being the reciprocal of the mechanical equivalent of heat. 

The heat required to do the disgregation work, or the internal latent 
heat, is 

p == r -Apu. 

Specific Volume and Density of Steam. — On account of the great diflflculty 
of direct determination of the weight of saturated steam, it is customary to 
calculate the specific volume of steam by aid of the following equation, 
derived by the application of the principles of thermo-dynamics to the genersi 
equation representing the properties of saturated vapor : — 

dt 
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in which A is the reciprocal of the mechanical equivalent of heat, T is the 
temperature from the absolute zero, and cr is the volume of one unit of weight 

of the liquid from which the vapor is formed. The differential co-efficient ^ 

dt 

can be calculated by aid of the equations on page 11. 

ihe absolute temperature is obtained by adding 273.7 to the temperature 
in degrees Centigrade, or 4()().7 to tlie temperature in degrees Fahrenheit. 

The volumes and densities of saturated steam given in Tables I, II, 
nnd III, were calculated by this method. 

It is of interest to consider the degree of accuracy that may be expected 
from this method of calculating the density of saturated vapor. The value 
of r repends on A. and q; for the first, Regnault gives three figures in the data 
from which the empirical equation is deduced, and the experimental work 
does not indicate a greater degree of accuracy. The fourth figure, if stated, 
is likely to bo in error to the extent of five units. The value of T is com¬ 
monly stated in four figures, of which the last may be in error by two units. 
A, as determined by Rowland, has four figures, the last being uncertain to 

the extent of one or two units. The differential co-efficient is deduced 

db 

from the equations for calculating p; and those equations are derived from 
data having five places of significant figures. Now the Equations B and C, 
for steam at 4.5° of latitude for the English system give a pressure of 14.0967 
pounds on the square inch; but the specific volume calculated by aid of 
Eiiuation B is 26.500 cubic feet, while Equation G gives 26.687 cubic feet. 
The mean, 20.00, differs from either extreme by about one in seven hundred. 
This discrepancy is due to tlie fact that the curves represented by Equations 
B and 6'meet at the common temperature, 212°, but do not have a common 
tangent. Since the equations arc empirical and not logical, the error or 
uncertainty i.s unavoidable, and all calculated specific volumes are affected by 
a similar uncertainty. The greatest probable error is in determining r, for 
which it may bo about one in one thousand. The error introduced into tliis 
equation iiy using tlie values of A in common use, that is, 772 instead of 778, 
is about one in one hundred. 


Tate and Fairbairn’s Experiments. — In 1860 an attempt was made by 
Tate and Fairliairn to determine tlie specific volume of steam by direct 
experiment. Tlie following talile, taken from the Philosophical Transactions, 
Vol. f4., gives the reBults of all their experiments, together with the volumos 
caleulatod by their empirical formula. 


V= 25.62 + 


49513 
P+™b,72‘ 
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SATUBATJ^JD 


STEAM, ANE OTllEli VAPORS. 


ProHSiiro in 
liKihus 
oi Mercury. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

1' 

2 > 

8' 

4' 

&' 

Q' 

T 

8 ' 

0' 

10 ' 

11 ' 

12 ' 

IS' 

14' 


8.(i2 

{>.45 

12.47 

12.01 

13.()2 

10.01 

18.8(i 

22.88 

58.01 

55.52 

55.89 

00.84 

70.20 

81.58 

8 . 1.20 

92.28 

90.08 

99.00 

104.i)4 

112.78 

122.25 

114.25 


Muxiimini 
TemiKU'utuve, 
Kuhreiiheil, of 
anUU'utlmi. 

T 


1.3(i.77 

1.55.88 

159.:5(i 

17().il2 

171.48 

174.92 

182.80 

188.:K) 

198.78 

242.90 

244,82 

245.22 

2.55.50 

208.14 

207.21 

209.20 

274,70 

278.80 

279.42 

282.58 

287.25 

292.58 

288.25 


Speellle 
Volume from 
JiIxperimeiilH. 


827-5.8 

.5:188..5 

4920.2 

:1722.0 

.8715.1 

8488.1 

8051.0 

202:1.4 

2149.5 

948.1 
908.0 
892.5 
759.4 
019.2 
0:1.5..8 
005.7 
r)S4vl 

548.2 
515.0 

497.2 
4.58.8 
488.1 
449.0 


Hpeeilie 
Voluim* from 
Formiilu. 


8188 

,5820 

4900 

8700 

8710 

8478 

298.5 

2020 

2124 

987 

900 

900 

758 

009 

028 

008 

.502 

515 

519 

490 

401 

428 

450 


Krrtir of 
formula. 


“■1)11 
1 .’ 4 (» 

-KV 
4-1 ii 
4" ^jt! 

■ 4 ij 


“ilr 

*1" 1! I' 

4“ :i'a 

4';tA4 

+ f|r 

+ 


It is apparent that tlio crroi’H of this fonnula are nnieli lar^to' thuu the 

probable errors of the tliermo-dyntunic imOliotl. ^ . 

The following' table, giving the volumes in euhie nieti'es of otu* kilograimnei 
of saturated steam, shows the comparison of the two methods ; —• 


By equation 


dt 


^ AT dp 
From equation 

F= 25.62 4" 


4“ (T 


0 " 0 . 

211,5 


fitfO. KWO. IW*"!]. aotfO. 

12.U l.(UK) 0.8875 0.1277 


54.07 11.43 1.043 0.3700 0,1343 


40153 
F+1)772’ 

steam Entropy. — From the second law of thormo-dyimmics may bo 
deduced the equation 


in which cf) is the entropy, dQ is the heat applied or withdrawn, and T is the 
absolute temperature. Since the entropy depends on the state of the sub¬ 
stance only, and not on the method of arriving at tliat state, we may ealculate 
the increase of entropy in one unit of welglit of a given mixture of water 
and steam, above the entropy of one pound f)f water at freejting imint, in the 
following method. Suppose that one unit of weight of water is raised from 
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freezing point to the temperature ./, and that the portion a; is then changed 
into steam. During the first operation the change of entropy will be 

A n dq r* cdt 

“ Jo T " Jo ~T' 

During the second operation the change of entropy will be 

xr 

since the heat is added at the constant temperature t. The entire change of 
entropy will be 




xr 


T 




X 


xr 


+ e. 


cdt _ 

¥ “ ¥ 

At any other state the entropy of a unit of weight of a mixture of steam 
and water will bo 


= 

and th(5 change of entropy will be 


-L Q 

■~rp A- Pli 


miv* 

^ 




During an adiabatic change no heat is transmitted, and. the entropy is 
constant. 


xr 

¥ 


-f" 0 


1 


When the initial state including the value of x is known, and also the 
final temperutvire or pressure, the final value of may be calculated by 
the above ecpiation; and the initial and final volumes may be found by the 
■equations 


"b* e*, 


®i'"i + «■; 


the value of u for a given temperature or pressure, from the equation, 

8 = U -b (T. 

Entropy of the liquid, — When the specific heat of a liquid is known in 
terms of the temperature, the entropy of the liquid, 


r^edt 
Jo ¥' 


is readily ealeulated. For water ■we have, for example, the entropy of the 
liquid at 18° C. 

1.0072 lo& 5 + 1.0044 loga + 1.0016 log, 


rn 

J. A 




Tu 


0 -^5 * 10 

For other liquids having the general formula for the heat of the liquid, 

O' ss= cti “b '4“ 


X 


' 4 - dt 

~'¥ 


■ the entropy is 
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Other Vapors.— Tables IV to IX are taken from Zoimer’s MecMmsv^ien 
WarmeiheoTie. His values for the si)eci(ie volume aiul density were ealeu- 
lated with 273 for the absolute temperature of if tJ., and with 424: lor the 
mechanical equivalent of heat. To briiio- these tables into aeeurd with Tables 
I II and III, the values of tlie siieeifie volume and (U'usily liave been 
modified by using 273.7 for the absolute temperature of U“ C., and 42(5.7 for 

the mechanical equivalent of heat at ruris. ,, , , 

The equations by which the tables were caUadattHl, takmi from Kegnault s 
memoirs, Acad^'iiiie des ScMyices., Chiiiptt'it rcndtiH^ Jaiiw X-XXI ./, aie hero' 
assembled, together with Zouncr’s eciuatiouB tor the diilcieutial co-elllcicnt,, 


1 dp 
p dt 

TEMPERATITRK AND PREH.SURB. 


1 

lo« 1> 

2 

a 

a 

b 

4 

s 

Alcohol. 

a — ha'* + rd" 

r>.4nf52U28 

4.0800000 

0.0485307 

Ether . 

a + ha" — rl'f 

5.02802(18 

0.(K1022H4 

3.1000.100 

Chloroform .... 

a — ha" — rd" 

5.225:1803 

2.0531281 

0.0008073 

Carbon hisulphhlo . 

a ““ ha" t'lP 

5.4011002 

3,440.1003 

0,28.17380 

Carbon tetrachloride. 

a — ha" rd" 

12.00023:11 

o.nmiHo 

1.0074800 


TEMPERATURE AND PRKS.HURE — C'om-huita. 



kigtt. 

a 

log f . 

7 

n 

8 

l.lmttB. 

0 

Alcohol . . . . » 

1.90708567 

T.o4oo-iai 

t+20 

~20®,+ 150®C. 

Ether . 

0.0146776 

4,000877 

t,+20 

“200,4-120® 

1 Chloroform .... 

'1.0074144 

1.0808470 

t-'iO 

+200 ,+1040 

Carbon bisnlpliltlc 

1.0077028 

1.0011007 

1+20 

-21)0, +1400 

Carbon tetrachloride . 

1.0007120 

1.0040780 

t+20 

«-2tf,+188* 


The equation for the temperature and pressure of the saturated vapor ot 
aceton, asrecabulated by Zeimor, is,— 

log as a — hcf 4* 
a « 5.S0a,o419. 

log « + 0.53127fia - O.OO20M8I. 
log c/iP =3 - 0.9645222 - 0,02156m 
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Aleoliol .... 

Ether. 

Chloroform . . . 
Carl)on blHulphitle . 
Carbon tt'traehloride, 
Aceton. 


BlON. 1 

Aa« 


+ 

_ 

+ 

-l- 


-f 

-H 


-p 

-p 

+ 

4- 


1 dp ^ 

l^rom Zouiier’s WarmetheorU. 


-1.1720041-0.0020148f 
-1.8300624-0,0031223« 
-1.8410180—0.002f)856i 
-1.4380778-0.0022372t 
-1.8011078-0.00028804 
-1.8268585-0.00261484 

t, teiiiiperature C. 


Log m'^) 


-2.0002701-0.05005154 

-4.46168004-0.01457754 

-2.0667124-0.01818244 

-2.0511078-0.00880034 

-1.3812195-0.00502204 

-1.9064582-0.02155924 


IIBAT OF TUB XnQUIT). 

Alcohol . . . ■ (Z = 0.547544 + 0.00112184“ + 0.0000022064® 

Kthor . . . g == 0.529014 + 0.00029594“ 

Chloroform . . $ = 0.2323 54 + 0.00 0 0 5 0 74“ 

Carhon hisulphkle . g, = 0.235234 -h 0.00008154“ 

Carbon tetrachloride . q — 0.197984 -1- 0.00009064“ 

Accton • « • (2 — 0.506434 -f- 0.00 0 3 9 654“ 


TOTAL IIBAT. 

Ether , . . X = 94 -f- 0.4,54 - 0.000555564“ 

Cliloroform . . A = 07 -h 0.13754 

Carbon hisiilphide . A = 90 -t- 0.14 6014 — 0.00 041 234“ 

Carlxin tetrachloride . A = 52 -f- 0.146254 — 0.0001724“ 

Aceton . . . A = 140.5 + 0.3 6 6444 - 0.00 05 1 64“ 

The total heat of alcohol varies in so irregular a manner that no equation 
can bo given for it. 

Zeuner gives the following empirical equations for calculating the heat 
equivalent of the internal work, which are proposed to lessen the labor of 
calculation 

HEAT EQUIVALENT OP INTBENAL WOEK. 

Water . . • P = 575.40 - 0.7914 

Ether . . , p- 86.54 - 0.106484 - 0.00 071604“ 

Chloroform . . p = 62.44 - 0.112824 - 0.00001404“ 

Carhon bisulpliide . p - 82.79 — 0.114464 — 0.00040204“ 

Carbon tetrachloride . p = 48.57 — 0.068444 — 0.00020804“ 

Aceton . . . P = 131-63 - 0.201844 - 0.00062804“ 

Sulphur Dioxide and Ammonia. —The use of ice-machines has brought 
into prominence liquids which vaporize at low temperatures. For two such 
liquids, sulphur dioxide and ammonia, Regnault gives the following equations 
for temperature tuid pressure : — 












iSATUltATED STEAM, AND OTHER VAPORS. 


SULPHUR DIOXIDE. 

log p = a — hiP — 
a = 5.6663790 
b = 3.0146890 
c = 0.1465400 
log a = 1.9972989 
log yS = 1.9872900 

71 = if + 28 

Limits, —28, +62. 


AMMONIA. 

log p — a — ha^ — Cj8” 
a = 11.5043330 
5 = 7.4503520 
c = 0.9499674 
log a = T.9996014 
log yS = 1.9939729 
n = f + 22 
Limits, —22, +82. 


Unfortunately the heat of the liquid and the total heat for these sub¬ 
stances have not been determined. We -have, however, some of the 
properties of these substances in the gaseous state or more properly in the 
state of superheated vapors. 

Now, it has been shown by Zenner that superheated steam may have ita 
properties represented by the equation 

2w = BT — 

in which p is the pressure in pounds on the square foot or kilograms on 
the square meter, v is the volume of a pound in cubic feet or of a kilogram 
in cubic meters, and T is the absolute temperature. The constants have 
the following values when calculated from the properties of saturated 

fflteam.; 


French units, . , . . J5 = 51,3 (7= 198 = I-. 

English units, . . . . = 93.5 G= 971 + 

It was first proposed by Ledous to find similar equations to represent 
the properties of superheated sulphur dioxide and ammonia, and to use 
such equations for calculating approximate tables of the properties of these 
vapors when saturated. Just as the tables of the properties of saturated 
steam had iDeen used in establishing the equation for superheated steam. 

In the Thermodyncm.ics of ilie Steam-engine by the author, pages 452 
to 459, this calculation has been carried out with the best ascertained 
properties of the superheated vapors of sulphor dioxide and ammonia with 
the following results: 

SULPHUR DIOXIDE. AMMONIA. 

French units, = 14.5 T — 48p°'®® pv = 54,3 T—142p^ 
English units, gw = 26.4 T — 184p®-®® = 99 T — 540p^ 

The application of these equations to the vapors when saturated gives 
the following results: 


SATURATED STEAM, AND OTHER VAPORS. 

Heat of Vapoeizatioft. 


SULPIIXTR DIOXIDE. 

French units, ;’= 98 — 0,27^ 
English units, r = 176 — 0.27(2! — 32) 


AMMONIA. 

r — 300 — 0.8^. 
r = 540-0.8(2!-32). 


Specific Heat of the Liquid. 

BULPiniH DIOXIDE. AMMONIA, 

c = 0.4 C“l.l 


Tallies X and XI were calculated hy aid of the equations written, and 
may l)c of use for approximate calculations, in default of more reliable tables. 

Specific Volume of Liquids. — Table XII was taken from the Phys.-Chem. 
Tdhelkni. of Landolt and Bornstein. 

Volume of Water. — Talile XIII gives the volumes of water compared 
witli its volume at 4°. From 0° to 100° C., the values are those given by 
Kosactti. Above 100°, the values are those calculated by the equations given 
by Him in the AnnaUs de Ohmu'e et da Physique., 1867. 

Volumes of Liquids. — The volumes of liquids at high temperatures, com¬ 
pared with the volume at freezing point, are represented by the following 
c(iuations given by Him in the Annales: —■ 


Water 101)0 C. 
unity) . 


Alcohol OOOC. 
unity) . 


Kther ;10° G. 
unity) . 


to 2000 0. (vol. at 40 c.: 


to IflOo G. (vol. at 0° C. 


to i;i0o 0 . (vol. at 0° C. 


Logs. 

: 1+0.00010807875/; C.0.‘]01445-10| 

+ 0 . 00000 : 1007 : 1053/2 4.4781862—10 

+0.0000()00()287:)0422/8 1.4.58:1410—1(1 

-0.()00(}0(JO()()0()(K)4570:31/‘‘8.8225400—2U| 


Gai’lion liisulphido 30'^ to 160° C. (vol. at 
U°U.=unity).. ' 1 := 


Carbon tetraehlorldo 80° to 160° C. (vol, at 
0°C.=unity)......... 1 )= 


:l+().0007:!802265/ 
+0.000()l()552:i5/,2 
—().000()00()02480842/3 
+0.00000000()404i:]507/’‘ 

:l+0.00i:}480050/ 
+0.0(K)()0(i55:i7/2 
—0.0()00()()():544S)()766//' 
+0.0000()0000:l:1772062/'‘ 


:1+0.0011680560/ 

+0.0000016480508/2 

-0.()00000()008111S)002/3 

+0.000000000060040589^^ 


6.8685001—1(1 
:].02:i:i402—10 

2.S4i(;o5n —10 

0.(i(:(!5278--10 

7.'1200817-101 
4,8164866—1( 
2.5:177028-11 
0.5285571-101 


7.00746:16- 

4.217210:1 


0 . 0001220—101 
.,7840494-201 


: 1+0.0010671883/ 7.0282409-1 Ol 

+0.0000()8r)66l!l78/2 4.652076:}-10 

-0.00(.)000014949281/» 2.17462(12-101 

+0.000000000085182318/* +930:1494—2(1 
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Other Data. —For convenience the following data ar(^ jiKHmnlded : — 

f ;]i).n7t)2 (Hogcn's) 


Length of the metre in inches . . . . | ,‘j!).h7()*in2 ((’larke) 

Weight of the kilogramme in pounds , . • 2.2(M()212i) 

Weight of 1 litre (1 cu. decimetre) of mercury . Ih.oUol) kilos. 

One horse power, in foot pounds per second . 5o0 

Clieml c\ vapeur, in kilogrammctres per second . 77) 

f TOO mm. of mercury. 

kilos p('r scp m. 

Normal pressure of the atmosphere . . • -j pt.j, 

^ 2110.M2 lbs. per. B(p ft. 
f 27M."7 C. 

Absolute temperature of freezing point . . | 

Explanation of the Tables. — In Table I, the first column gives the tem¬ 
perature, t, of saturated steam. 

The second column gives the corresponding prcHsurc, ji, in iiounds on tlio 
square inch, above an absolute vacuum; the dilTerenct^s mv. placed between 
the two numbers from which they are derived. For e.xnmitle, the pn-ssure 
at 40° F. is 0.1210 pounds per square iiicli; and the dilfcreuco to lie used in 
interpolation, and placed half a line lower, is 48, 

The third column gives the heat of the litiuid, q, rcajuired to raise tlui 
temperature of one pound of water from M2° F. to a given tmiipcraiure. 

The fourth column gives the total heat, X, required to raist; one pound of 
water from 82° F. to a given temperature, and to entirely vn|)orize it under 
the pressure due to that temperature. 

The fifth column gives the heu.t of vaporization, or {\h\ lient rtaiuired to 
vaporize one pound of water at a given temiJiu'alure, niuU-r the pressure 
corresponding. 

The sixth column gives the heat rcKtuired to do the disgregation work 
during the vaporization of one iiound of waUu’, 

The seventh column gives the heat recpiired to oviu’Cfirne tlie oxternai 
pressure, and do the work of increasing tlie volume from v to 

The eighth coliunu gives the entropy of the liquid. 

The ninth and tentli eolimms give tlie specific volume, or volume In cubic 
feet, of one pound of saturated steam, and the density or weight of one 
cubic foot in pounds. 

Table II differs from Talilo I in that it is arranged to give the properties 
of saturated steam for each pound of pressure. 

Table 111 gives the properties of saturali'tl steam in Freiieh units; and 
Tables IV to XI give the properties of other saturated vapors in the sam% 
units. It is to be noted that the pressures in 'Pables IV t(t IX art' in milli¬ 
metres of mercury; in Tables X and XI, are iu kilogrunnueH per square 
metre. 


TA.!BIjB I. 

SATURATED STEAM. 





Temperature, 
Degrees Fahr. 



































































Temperature, 
Degrees Fahr. 






















SATURATED STEAM — (^(mtinw'd. 


u 

*t 3 

p. 

& 

'Srfi 
p 0 




0 

2 & 

cd 

0) 

rH tti 

H 

P 

Q 


144 3.1877e.o 112.2 

145 8.26ll(lQo t 118.8 

146 8.8582g^;jj 114.8 

147 S.4387hwq 116.8 

148 3.526(£(:1 116.8 

149 3.616255'^ 117.8 

150 3.7003j)3q 118.8 

151 3.7903,.-,, 110.8 


152 3.8048 

153 3.0018 


154 4.0008.,,11 

155 4.1014} 

156 4ai48j[|;*J 

157 4.4000., 

158 4.6076} , 

159 4.6172jj!;5 

160 4.7292jj^f3 

161 4,8435ii„,, 

162 4.96()l}}f! 

163 5.079^1}®'' 

164 6.200iy, 

165 6.824}S 

166 6.«oj2|j 

167 6.679i„i 

168 6.710|£ 

169 6.844{:j| 

170 6.981jgj^ 

171 6.I2O1.0 

172 6.202}!^ 

173 0.407j‘[5 

174 6.664i-,, 

175 6.704 5 

176 6.8«8}J< 

177 7.014.-0 

178 7.173 S" 

179 7.335j»^ 

180 7.600jgg 

181 7.6O8.W,, 

182 7.840!2f 

183 8.014j^| 



4 









































SATURATED STB AM—Continued. 






































SATURATED STEAM — Continued. 












-7 

u 

«U 





t; 

2 

c3 

Density. 

.• j 





0 



p 


--=3 f 













T3 O 




a 

^ a 

a* 


0 


1 s 



03 

« 


■p 0 . 

‘3 E . 

i> 


5 CQ 
a ^ 

ft 59 

Ir 

Ew) 

a ^ 

g^i 

IS 2 

1 ^ 

^ m 

‘H 

0 

1 

w 

K 

"rt 

0 

Eh 

«w 0 

0 a 

g> 

w 

0 0 K* 

R 


0 

U 

0 

«G 

*0 

c; 

m 

•P 3 ^ 

3 0 0 

0 0 3 0 

^e.oP^ 

t 

P 

<7 

A 


p 

ylpu 

rcdt 

J T 

s 

7 

i 

224 

18.rw7o«^ 

18.914;"^^ 

192.9 

1150.3 

957.4 

884.0 

73.4 

0.3305 

21.37oq 

0.04679.- 

224 

225 

193.9 

1150.6 

956.7 

883.3 

73.4 

0.3320 

20.99"" 

0.04764" 

0.04850" 

225 

226 

194.9 

1150.9 

956.0 

882.5 

73.5 

0.3335 

20.62"j 

226 

227 

19.(544..^. 

20 . 01824 ^ 

20.397g^ 

105.9 

1151.2 

955.3 

881.7 

73.6 

0.3349 

20,25.,„ 

19.89:;" 

19.54;;'; 

04fc 

0.04938.. 

0.05028,';} 

0.0511899 

227 

228 

229 

196.9 

197.0 

1151.5 

1151.8 

954.6 

953.9 

880.9 

880.2 

73.7 

73.7 

0.3364 

0.3379 

228 

229 

230 

20,783jjg2 

198.9 

1152.1 

953.2 

879.4 

73.8 

0.3393 

19.20..O 

iSa 

0 . 0520 S 92 

230 

231 

232 

21.175„ . 
21.572^ I 

199.0 

201.0 

1162.4 

1162.7 

952.5 

951.7 

878.6 

877.8 

73.9 

73.9 


18.87..., 

18.54:^:; 

1 S .221 

0.06300.. 

0.05394;"^ 

0.06489;;^ 

231 

232 

233 


202.0 

1153.0 

951.0 

877.0 

74.0 

0.3437 

233 

234 

22.3804.>, 

22.803;.i( 

203.0 

1153.3 

950.3 

876.2 

74.1 

0.3452 

17.00„. 

17.59^;!, 

n.29|» 

0.05686.. 

0.05685?^X 

0.05784»»i 

234 

235 

204.0 


949.6 

875.4 

74.2 

iimii 

235 

236 

23.22(^gj 

205.0 


948.0 

874.6 

74.3 

0.3481 

236 

237 

23.055,(Oft 
24.09lg« 

24.Kffl 



948.2 

873.9 

74.3 

0.3495 

16.99.. 

0,05885... 
0.059877 7 
0.06090 

237 

238 

239 

207.0 

208,0 

1154.5 

1154.8 

047.6 

046.8 

873.1 

872.8 

74.4 

74.5 


16.70Sq 

16.42^8 

238 

239 

240 

24< O82^g0 


1165.1 

940.1 


74.5 

0.3538 

16.142»^ 

0.06195io9 

240 

241 

25.488,, 

25.9001;;^ 

20.370^™ 

210.0 

1155.4 

945.4 

870.8 

Pein 

0.3553 

15.87ok 

is.eofi 

15.84| 

0.06801..Q 

0.06409|”^ 

0.06519JJJ 

241 

242 

211.0 

1156.8 

944.8 

lartiiii 

74.7 

0.3567 

242 

243 

212.0 

1156.1 

944.1 

869.3 

74.8 

0.3581 

243 

244 

20.846JQ4 
27.S3()S 
27.821293 

213.0 

n 

943.4 

868.5 

74.9 

0.3506 

15.08.;- 

14.83" 

14.6S- 

0.06630,.. 

0.0674377k 

0.06858jjg 

244 

245 

214.1 


942.6 

807.7 

74.9 

0.3610 

245 

246 

216,1 

1157.0 

941.9 

860.9 



246 

247 

28.810-nK 

28.8242:,'" 

29.886?^ 

EBflil 

1157.3 

941.2 

866.1 

75.1 


14.34f)Q 

13.88| 

0.06973... 
O. 07 O 89 . 1 I; 
0.07207J 20 

247 

248 

217.1 

1167.6 

940.5 

865.3 

75.2 

0.3653 

248 

249 

218.1 

1157.9 

939.8 

864.5 

75.3 

0.3667 

249 

250 

29.850523 

219.1 

1158.2 

939.1 


75.3 


13.0522 

«-0’32’i21 

250 

251 

S0fS84MrtK 

80.919Sq 

81.462g« 

220.1 

1158.6 

938.4 

863.0 

75.4 

0.3695 

18.43.. 

13 . 21 " 

12.99|| 

0.07448, „Q 
0.0757K^f, 
0.07697}g 

251 

252 

221.1 

1168.8 

937.7 

862.2 

75.6 

0.3709 

252 

253 

222.1 

1169.1 

987.0 

861.4 

76.6 

0.8724 

253 

254 

32.012559 

82.67i22" 

88.187^ 

223.1 

1150.4 

936.3 


75.6 

0.3738 

12.78.1 

12.67on 

12.37|g 

0.07825,.. 

0.07953|;f, 

0.08082jg 

254 

255 

224.1 

1169.7 

936.6 

859.9 

75.7 

0.3752 

255 

256 

225.1 

1100.0 

934,9 

859.1 

75.8 


256 

257 

83.711«fto 

84.2942nA 

84.884®®g 

226.2 

1160.3 

934.1 

868.2 

75.9 

0.8780 

12.17.0 

0,08214. .■:> 
0.08347.|qk 
0.08482j|5 

257 

258 

227.2 

1100.6 

933.4 

857.6 

76.9 

0.3794 

11.98|q 

II.79J9 

258 

259 

228.2 

1100.9 

932,7 


76.0 


259 

260 

85»4:8B^qY 

220.2 

1161.2 

932.0 


76.1 

0.3822 

11.60^3 

0. 

260 

261 

86.090a-, a 
86.706^.^7 
87.880^g 

280.2 

1161.6 

931.3 

855.1 

76.2 

0.3886 

11.42.. 

11.24!5 

ii.oej^ 

0.08757. J. 
0.0889777^ 
0.09039j|^ 

261 

262 

281.2 

1161.9 

930.7 

854.4 

76.3 

0.3850 

262 

263 

282.2 

1162.2 

930.0 

863,7 


0.3864 

263 


A 





















SATURATED STEAM—Continued. 



25J].4 
2 r,.l.>l I 1 KW.l) 
265.4 llOi).2 


258.4 1170.I 




200.4 1170.7 

201.4 1171.0 

202.4 1171.;! 



O.B 1178.7 

1.5 1174.1 

2.5 1174.4 



0.1379o. 

0.1890“” 

0.14l9g 

0.1440oi 

0.1461“| 

0 . 14822 ]; 

0.1603„i 

0.1624“] 

0.1645“^ 
































SATURATED STEAM — Continued. 




334 

335 
3361 m, 17 


273.5 1174.7 

274.5 1175.0 

275.5 1175.8 

276.6 1175.G 

277.6 1175.1) 

278.6 1176.2 


901.2 821.7 79.5 0.4419 6.035oo 

900.5 820.9 79.6 0.4433 5.952qi 

899.8 820.1 79.7 0.4446 5.871^0 

S99.0 819.3 79.7 0.4459 5.79Uq 

898.3 818.5 79.8 0.4472 5.712«g 

897.6 817.7 79.9 0.4485 5.634„g, 


279.6 1176.6 896.9 817.0 79.9 0.4498 5.558,^^ 

280.6 1176.8 896.2 816.2 80.0 0.4511 5.484„, 


280 6 1176.8 896.2 815.2 80.0 0.4.011 

iJ-.O im:i 895.5 815.4 SO 1 U 4^ 

282.7 1177.4 894.7 814.5 80.2 0.4o.>8 5.o37.yj^ 


253.7 1177.7 

284.8 1178.0 

285.8 1178.3 


894.0 813.8 80.2 0.4552 
893.2 812.9 80.3 0.4565 
802.5 812.1 80.4 0.4579 


286.9 1178.6 891.7 811.3 80.4 0.4592 

287 9 117S.9 891,0 S10.5 80.5 0.4605 

mo 1179:2 890.2 809.6 80.6 0.4619 

290.0 1179.5 889.5 808.8 80.7 0.4633 

291 0 1179.8 888.8 808.1 80.7 0.4646 

29^1 5l8b:2 888.1 807.3 g).8 0.4059 

293.1 1180.5^ BS7.4 800.5 80.9 0.4G72 

294.2 1180.8 880.6 805.7 80.9 0.4686 

295.2 1181.1 885.9 804.9 81.0 .4599 

296.3 1181.4 885.1 804.1 81.1 0.4713 

297.3 1181.7 884,4 803.3 81.1 0-4726 

298 4 1182.0 883.6 802.4 81.2 0.4739 

299.4 ■1182.3 882.9 801.6 81.3 0.4752 


300.6 1182.6 882.1 800.8 81.3 0.4700 

301.5 1182.9 881.4 800.0 81.4 0.4779 

302.6 1183.2 880.0 799.1 S1..5 0.4^ 2 

[303.6 1188.5 879.0 798.4 81.5 0.480o 

304.6 1183.8 879.2 797.6 81.6 0.4818 

305.7 1184.1 878.4 796.7 81.7 0-4832 

300.7 1184.4 877.7 796.0 S1.7 0.4845 

.307.8 1184.7 876.9 705.1 81.8 0.^58 

308.8 1185.0 1 876.2 1 794.3 j 81.9 0.4871 

309.9 1185.3 


4.797.., 
4. 735/h, 
4.G73^i7 


4.552^1 

4.493j;j 

4.430^w 

4.379|J 

4.323g« 


4.159r| 

4.107j^ 

4-05551 


875:4 703.5 81.9 0.4884 3.8074-1 


3401118.84, Ko 310.9 1185.0 874.7 792.7 82.0 0.4897 | 

312 0 1185 9 873.9 791.8 82.1 0.4910 

318.0 llsS:! 878.8 791.2 82.1 0.4928 

814.1 1186.6 872.5 790.3 82.2 0.4936 


3.6087« 

8.623^ 


Temperature, 
Degrees Fahr. 













SATURATED ST Continued. 































SATURATED STEAM- Vonthmvd. 


384 203.4.I244 

385 2()7.87:;4(5 

386 210.4424^ 

387 |1;2.845o 

388 20)., 1,254 

389 2i7.B4^g 


;5.7(!.0 1100.1 
,mo 1100.4 
i}r)0.o 1100.7 

jKiO.i 1200.0 
401.1 1200.0 
:!02,2 1200,0 


H42.2 7-'»7..8 ! 81.1 
H41.4 7.70.0 Si,.7 i 
Mill 700.2 Sl.Ol 

800.0 7.75.0 81.0 

800.2 771.0 I Sl.n 
80.S.4 j 7i70.S j Sl.o 


(1,51.77 2.207.,- 

U..7t00 2.212:;^ 

O.o isl I 2, lS7n'|, 

(t,540;! 2.100„, 

(),:. 0 ll 0 ! 2.1020 


0(10.2 1200.0 BO 7.7 7.70.0 Si.7 


i'll 

192 22u..70,,4.j 4 

193 228.10j(j:j 111 

J94 200.80o«y ||1 

}95 200,.7(),244 '1 

J96 280.10272 

397 208,91274 8 

398 24l.05g,} .1 

399 2^14.42^^4 -1 

400 247.2l2gjj '1 

401 2.70.00,;p4 1 

402 1 2.72,877^7 * 

403 j 25.7.742g4 ' 

404 2i')8.OB,502 1 

405 2Q1.7'7on5 I 

406 204.50|g7 ' 

407 

408 '8*1'0*47oq,2 

409 278.40jJyg 

410 276.54g„g 

411 270.02o., 

412 282.70'.;. 

413 28.7.80;';j 

414 289.02.,,,, 

415 21)2.2r4.y. 

416 205.42’,“^ 

417 298.67o,« ' 

418 801.04;7A 

419 806.24^;;:; 

420 

421 011.90..,m 

422 015 . 01 ; 

423 oi8.7o;;:;r 


-Wiol mil.'i 8 OO.U i 7.72.2 iS 1.7 ^ 
S' nlll H 800.2 751.4 ;S.S; 

'0(10,1 1201.8 803.4 7.7U.O I Sl.N ^ 

,1(17.1. 1*»02.1 801.7 ”40.0 ; Si.8 

•84 ^(2 1 H04.0 740,1.8.0 

So HOO.2 748.0 84.0 

•TO) 7 1‘4)0.0 802*5 747.0 84.0 

07l' 12 801.7 1740.7 85.0 

S 1 BOl.U i 740.0 j 85.0 


870.5 1200.0 

071.0 1200.0 
072.0 1200.0 


0..5.740 i 2.0014,.,. j 

ii.iifiti.i j 2*()4(),,., 

^ (!.,-mO;< I 2.02 inn 

0.55S0 I 20412.,,,, 
0.5502! l.oso;;:, 

10,5004! i.oriNr 

1 1 

! o.r.nto i t.ooT.,, 

I 0,5020 ; 1.0 ton 
I 0.504M 1.805: 


070.7 1200.9 

074.7 1204.2 
075.8 1204.0 
870.8 1204.0 

077.9 120.7.2 
078.9 120.7.5 
880.0 1205.8 

881.0 1200.1 
082.0 12tH1.4 
080.1 121X1.7 


800,2 745,2 1 85.0 i U.505U j l.S74.^ 


829.5 1 744.5 I 85.0 
828.8 ! 740.7 : 85.1 
8‘)K 1 740.0 \ S5.1 


H‘.;ri.i ' 7; 10.0 .’••5.0 
,'•<24 .1 700.2 n. 7.2 

.'<•20.0 70‘'.0 S5.;’. 


385,2 1207.0 8'22,1 

080.2 1207.0 82I.-1 

887.0 1207.0 82(1.0 

088.0 1‘2(K2 810,0 

I 080,4 I'208.5 Si 11.1 

0l)O..l 1208,8 81S. 1 


090.0 i 1200. 


0.4470r. 

0.45211 

u. 45721 


11,5005 i 1.8.(4',|g 
(1.5077 i, i.sim:,, 
i (i,50s0 ; I.SM:c) 

t),.57ill 

(1,5711 l,775j;j 

11,5720 l.7.70|i, 


‘•■.'.‘■'to 


895.0 12U).: 


707,0 

■S't.O ^ 

11.5771 

lo-'l, ; 

700 ,)'' 

.‘*5.. 5 


l.OiiltH 

7.1<'<. 1 

.‘■ti <, 0 

11 .. 77 OH 

i.uio 

: 

H ...0 

((..'I'lliJ 

t.029|.; 

*f*i t ; 

h.'i.l 

it..7'.22 

t‘*-i:*l7 

1 

1 

tt.f.'i.n 

l.-o- . 

1 f i »1 * ^ J 

hit, 1 

i),,.'" to 

‘-'"I 7 

702 . 2 , 

85.4 

; 0.5H5h ^ 


701.5 

Hi). 4 

lt.5‘-i7(i 


70'i.7 

h5. 1 



; 70it.li 

85.4 

t)..7*-90 

1.5l2j,, 

1720.0 

.*••5,4 

li..7*,tii5 

UUOjg 

1 728.5 

H5,.5 

(*,.5917 

M"*’15 

] 727.8 

HS.5 

ti ..»020 

l.-lC-.j,. 












SATURATED STEAM — Contimie.il 


' 

Temperature, 

! JJegrees Fahr. 

ID . 

P-IrSl 

'3h 
fj" 3 g 

tfi a* 

2 w 

Ph 

/ 

„ Heat of the 

Liquid. 

V Total Heat. 

^ Heat of 
' Vaporization. 

Hi 

S Or* 

W 

P 

O ^ 

11 
aS . 

"-HS 

I'Sfi 

■ti 

Afiii 

2 

’3 

•s.? 

gl 

■M 

a 

w 

rcdt 

J T 

^ Specific Volume. 

Density. 

Tempemture, j 

Degrees Fahr. | 

“Weight, in 
Pounds, of 
one Cubic 
Foot. 

424 

;’.22.:i8o 

8i)S.8 

1211.3 

812.5 

727.0 

85.5 

0.5041 

1.440i^ 

0.600„ 

424 

425 


:5!)|).8 

1211.0 

811.8 

720.3 

85.5 

0.5053 

1.434|’^ 

0.607i 

425 

426 

;]2i).i(gi 

4(H).i) 

1211.1) 

811.0 

725.5 

85.5 

0.5064 

1.410}? 

15 

0.'7055 

426 

427 

:W2.7n;j-,3 

401.0 

1212.2 

810 3 

724.8 

85.5 

0.5070 

1.404 ,, 

0.712« 

427 

428 


14o;j.o 
' 1 

1212.5 

800.5 

724.0 

85.5 

0.5088 

1.300^^ 

0.710' 

428 





























































, ATtrB. 


STEAM —/«'(/. 


74 306.46on 

75 307.3SXn 

76 308.2Sg5 

77 SOO.ISqo 

78 SlO.OGoo 

79 310.94Qft 


276.0 1175.4 I 
276.9 1175.7 
277.8 ll7(i.O 

278.7 1176.2 
279.6 1176.5 
280.5 1170.S 


^ P .■'/» J /• I 

Kill.” 711.7 ().-liri2 

eiiVs Kill. I 711.7 (W161 

31)8.2 KlK.-l 7ll.K 0,<1176 

8(17 5 KI7.6 711.!' t)..|.|.^7 

uIhVii ki7.Ii 711.11 u.llini 

8l)(i;l Kl6.:l sii.n 11.4.711 


80 SU.SOqr 281.4 1177.0 


81 ,312.66o« 

82 313.51ok 

83 314.36g3 

84 SIS.IOr., 

85 316.02^'^ 

86 316.84^^ 

87 317.65„g 

88 318.45S. 

89 319.255jj 

90 320.04.-.^ 

91 320.83.,h 

92 S21.60.l4 
93' 322.3744 

94 . 323 . 147 - 

95 323.894k 

96 824.6444 

97 ,325..387, 

98 326.1241 


5..iss;;!; 


282.3 1177.3 
283.2 1177.6 

284.1 1177.8 

285.0 1178.1 
285.8 1178.3 

286.7 ,1178.6 

287.5 1178.8 

288.4 1170.1 

289.2 1170.3 

290.0 1179.0 

290.8 1170.8 

291.6 1180.0 

292.4 1180.6 

298.2 1180.5 
204.0 1180.7 

294.8 1181.0 

295.6 1181.2 

296.4 1181.4 


805.6 .Hl.7.5 Ktl.l (1.1.722 I 5.11 

805.0 .811,9 j ,^(1.1 11.1531 | <>,..( 

sill'.’l Kl-I.’i .Ml,2 0,1.71.7 I fi.3l 

ko;1*7 813.1 .'^0.3 0.1.7.7" 1 .7,2 


5.362g, 

5.301 

.7,2 loiA 
.1.^ 


812.8 

812.1 

80.3 • 
80.1. ! 

0. 

0, 

1.768 1 
1579 1 

,7.182,- 

sll.fi 

Nl.l. ; 

0. 

l.7!H» 1 

j 

.7.069;; 

III) 

810.8 

. i 

,>.0.,7 : 

0 

mill 1 

7 (HI.,, 

HI 0.2 

1 8o.r» i 0 . 

1612 ^ 

I.O 6 I;':: 

8 O 9..7 

80,6 ' 

1 

0. 

1622 


808.0 

1 80.7 

0. 

1633 

1.8..7Sj.^^„l 

.KOS.M 

1 

80.7 

0 

16i:i 


807.6 

1 80..8 

0 

16fi3 


807.1 

! 80,8 

0 

1663* 

1 . 714 . 

806.1 

80 0 

it 

1'm3 

1.667 

."■.(i.7.f. 

80,9 

tl 

16*3. 

1,619 ; 

80.7.2 

.Nl.O 

tt 

0'.93. 

i..7.i‘‘; 


i 0.1714, 
I 0,1730; 
I 0.17.77: 

I 0.177U 
O.IMU 
0. iS2',l 


0,lH(!.7 

0.188(1 

0,1908 

0,193(" 
I 0.1951 

1 0.19”; 


; 0.20NI 
; 0.21(1 
' 0,21:2' 


99 826.8642 297.1 1181.0 


327.58.y2-«=: 

#97.9 

1181.0 

S28.30„„ 

329.0247 

829.7345 

298.6 

299.4 

1182.1 

1182.3 

300.1 

1182,5 

.S30.43*,n 

.331.134n 

SSl.SS^g 

300.9 

1182.7 

301.6 

1182.0 

,302.8 

1183.1 

832.52„n 

S33.2(C 

883.88gg 

,308.0 

1188.4 

803.8 

1188.0 

304.5 

1188,8 

8.34.56(3*^ 

306.2 

1184.0 

335.2.3gg 

335.81)';^ 

805.0 

1184.2 

306.6 

1184.4 

307.3 

1184.0 


.s8rt.6 ' 

Ml 1,(1 

hl.ll 

0.1703 - 

11 

0 22i' 

ssr).n 

8ita.9 

M.l 

tl, 1713 



vS8|.,7 i 

mi:;. 1 

.81.1 

(1,1723 

l.llljj 

0.227 

884.0 1 

H KUH 

81.2. ' 

(1.47-'-3 

‘•"'■'ll 

0,22.1 

883.7 ! 

. 802.3 

,Hl,2 

0.1713 

10 

0.221 

882.0 ; ^‘Ol.6 

M.u 

0 { 


' 0.2.11 

882.4 

1 81)1.1 

- 4.3 

0 .1 ,'62 


881.8 

1 H00.4 ' 

^1 1 ■ 

0 . SV’il \ 

1.211 . 

0.23! 

88l,3 

' 799.9 ' 

; --i.i 

0 . ■ 


0.23* 

HHO.,S 

1 799.3 ' 

S1, a 

0 , 1 (90 ' 

! 1 

1 . 169:4 

0 .2.11 

8H0.4 

798.9 

8l,,7 

! 0.47911 

*‘'7.16 

0 . 21 : 

870.8 ! 798.2 

8 l.6 

; 

4.oi«5 

0 24» 

<H7U.3 

^ 797.7 

hj.il 

(i. iHr/ ■ 

i.oiu:, * 

1 t ni 

0.2 9 

H7H,.S 

j 

’ 'arr, i 

•^1.7 

i ' 

0 , l 82 il . 

l,02<’i, j 

0.2 1 

187 .’'. 3 

■ 7‘.H5,6 

1 Hl.7 

0.483f» 

3.!»92,,, 

O.'i*"# 

877.8 

i 796.1 

< Ht.’f 



0 ,2i» 

1 877.3 

79.7..'i 

^ 8}.M 

' 0 , }‘*.52 

' 3,926*:,, 

0 .2.** 




































saturated steam — Con tlmml 


Pressure, 

Hj. Pounds per 

Square Inch. 

Temperature, 
Degrees Fahr. 

U ■ 

C9 

i 

•g H 7 

^ -t 

1 1 e 

J ‘ 

154 860.84-O 

155 860.80"" 

156 801.87"J 

382.2 1191.8 81 

5552.7 1192.0 8. 

588.8 1192.9 8 

157 861.88-., 

158 869.89*i| 

159 862.90;'(^ 

588.8 1199.8 H 

8554.8 1 199.5 8 

5384.9 1192.7 8 

160 868.40_,.q 

53555.4 1192.8 8 

161 865190-0 

162 8(i4.40r,v 

163 5364.90;];, 

5385.0 1198.0 8 

8556.4 1 1955. 1 8 

55557.0 1198.8 b 

164 865.81)0, 

165 865.881 

166 866.;J7|,J 

55557. 5 1 1955..1 b 

8558.0 11955.0 b 

55558.5 1 1955.7 b 

167 866.85,0 

168 867.88Ju 

169 «in.8i]5 

8159.0 1 1055.9 b 
55519.5 1194.0 
840.0 1194.9 

170 808 . 21)43 

840.5 1194.8 

171 808.77,« 

172 869.94' 

173 869.7 14 .J 

841.0 1194.4 
5541.5 1 194.6 
849.0 1194.7 

174 370.t8.„ 

175 870.6f)|i 

176 871.12J,J 

849.5 1194.8 
8455.0 1195.0 
8455.6 1195.1 

177 871.50.» 

178 372.05' 

179 379.51|” 

844.() 1195.8 
5144.4 1195.4 
5544.9 1 198.6 

180 879.1)74,, 

5545.4 1195.7 

181 878.48,- 

182 878.8S'’* 

183 874.85rj" 

5145.9 1198.9 
55.16.4 1 196.0 
840.8 1196.1 

184 874.78.,- 

185 37r).253]K 

186 375.68|;] 

847.8 1190.2 

817.8 1190.4 
:14s.9 1190.6 

187 876.12,, 

188 876,567 { 

189 877 .OOJ 1 

5548.7 1196,6 
8.19.9 1196.H 
5119.0 1196.9 

190 877.4444 

850.1 1107.1 

191 877.88.. 

192 878.8*4,1 

193 878.76];j 

850.6 1197.9 
851.0 1197.51 
861.4 1197.4 ! 


•Jj Ti ‘i' f fj 
M Q O 

I's^ IcN: 


Kr.i)(i W!.:5 O.r.KiO 2.1in7|q 

m!n TiiU) s:u5 o.nKMi 

858.9 7*15.9 0.5178 ii.90l^.j. 

858.5 775.9 88.8 0.5179 8.884,w 

.... .. 1 u u'l |. (I filHti A 


4 774.0 88.4 


778.7 88.4 0.5805 9.810, 

779.2 8:>.5 0.5911 9.799, 

779.8 88.5 0..5917 9.788, 

779,1 88,5 0.5994 9.707, 

779.0 .S8.0 0.5980 9.751 

771.0 88.0 0.5980 9.780 

771.8 88.0 0,.5949 9.791 

770.9 88.0 0..5948 9.700 

770,5 88.7 0,.795l 9.091 


770.1 88.7 0.5900 

709.7 88.7 O..V9001 
709.4 .SS.7 0..7979 

7 OH .9 88,8 0.,7978 

70 H ..7 88.8 0,5981 
70H.9 88,.8 0..5990 


9,017 

9,089 


9.018,, 
9.008 ■' 
»i i » ’* 


Dhnhitv. 

p 


S ^ rj o 
UhH cfi 


miin j j | 

HTill.O 700 .1 I ‘'"8.0 ! ti,58lC. * 9.599 j , 
849.0 "O.'i.O I .''l.n ' 11,5.581 i 

mil 70.'i.;'.' 81.0 , ()..'i8;:o | 9 .19.*,.. 

8.18.9 70 t.O ! t.<» ! 0 . 5 :: i’9 , 9. ,.. 

wao 701.*11 >1.0 0.5:517 ‘ 9. l iO,., 

8*18.8 701,55’>1.0 t),.5.;.7;5 ; 9, l.u,., 


847.9 ! 7055.8 : Hl.t 

mo I 7055.5 ■ .>1.1 

m.8 ' Vii55.9 : Ml.I 

m.O ■ 709.il ‘ 5Ml,l 


0 , 5 : 55*1 : 

ii,,>i5cVl i 

(f,.):SVo 


1197.51 1 840,51 • 709.1 >1.9 0.5.5‘-0 
1197,4 ! HIO.U i 701,8 Hi.9 u..58*,it 


0.:!.l90n 155 

0.8447;;', 156 

0.8407,,, 157 

0.8488- 158 

0.;i509.7 159 


0.8014,,, 
0,55( 5555;;., 
0.55055:;,, 


0.51758. 
0.51778:;; 
0.55799:1 

0.55899.,, 

0.8841: 

0.51809.” 


1 

1 II.mW.'i,,, 

: 0.8900.,, 
; |'.55‘.1>7:;, 


91 : 19 . 

t», HUf:;, 


0 . 1090., I 

o.iin:; 

1 1 . 41 : 59 ,] j 

0,(158.,, 


o-iiiun. 















SATURATED STH AM. —Continued. 


ft 

•g o 
« C3M 


194 

195 

196 


198 

199 


ch 5^ 

|p 

B 


ntsi.or; 
880. oq: 


197 I il8().47,,p 
.•iSLiil'p 


200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

211 

212 

213 

214 

215 

216 

217 

218 

219 

220 

221 

222 

223 

224 

225 

226 

227 

223 

229 

230 

231 

232 

233 


nsi.7;] 

{182.15, 
: 182.571 
882. Di);] 

88;?.41, 
{i8;l.82‘: 
j?84.2;r 


'42 


;is.kfi4 

1185. 05 ' 


{185.4(1; 


{185.87 


41 


{18(5.28 


M8(?.(18 


(0 


;!87.()8 


;i() 


10 


{187.48,,^ 
;1S7.88 . 

;1B8.28:5J; 

;18S.(17„« 

;i8S).(i(i;; 

{180.44 

{180.84,,^, 

;iflo.2;i,,« 
:is)().()2;; 
{ii)i.()i;J|J 

{1(11.40,),. 
{ill 1 . 70 : a 
;iu2.n;5 

uo 

;m55oQ 
;l02.(){i; a 
sua-sigg 

aos.oogg 

994.07qa 
394.45'^” 


tS!-^ 


194.82' 




;i5i.9 

{152.4 

{152.8 

{153.3 

353.7 

354.1 

364.0 

{155.0 

355.4 

355.9 


1197.0 

1197.7 

1197.8 


•c 

ft 

o 

■S!> 

12 


845.7 

845.3 

845.0 


1198.0 844.7 


1198.1 

1198.2 

1198.4 

1198.5 
1198.0 
1198.8 


{150.3 1198.9 
350.8 1199.0 
357.2 1199.1 


'-37 


157.0 

158.0 

158.5 

158.9 

159.3 

159.7 

300.1 

300.0 

NllOl.O 

301.4 

301.8 

302.2 
302,0 

363.0 

303.5 

303.9 

304.3 

304.7 

305.1 

305.6 

{105.9 

366.8 

306.7 

807.1 

{107.6 

807.9 

808.8 


844.4 

844.1 

843.8 

843.5 

843.2 

842.9 

842.0 

842.2 


1199.3 

1199.4 

1199.6 

1199.0 

1199.8 

1199.9 

1200.0 

1200.1 

1200.2 

120().4 

1200.5 

1200.0 

1200.7 

1200.8 

1201.0 

1201,1 

12 () 1.2 

1201.3 

1201.4 

1201.6 

1201.7 

1201.8 

1201.9 

1202.0 

1202.1 

1202.2 

1202.4 


841.7 

841.4 
841.0 

840.7 

840.5 

840.2 


887.8 


884,9 


•(•3 -i 



a I 

P 

q 


a 

> P 

2 ""p 
^ P 

o' 

P 

P 

•r< • 

p 0 . 

■“Sg 



t> 

“H g 

&.§ 

s 



p 

0 : 

R 


R 


P 

Aj’7C 

Iy 

s 

761.5 

84.2 

0.6.397 

2.{30Lo ( 
2.;149H ( 

2.337^2 

701.1 

84.2 

0.5402 

760.8 

84.2 

0.6408 

700.4 

84.3 

0,6413 

2.,325). 
2.314^^ 
2.304“ ( 

700.1 

84.3 

0.5418 

759.8 

84.3 

0.6423 

759.5 

84.3 

0.5420 

2.294jQ 

759.1 

84.4 

0.5434 

2.284) „ 
2.2741" 
2.2G3JJ 

758.8 

84.4 

0.6439 

758.5 

84.4 

0.6444 

768.2 

84.4 

0.5449 

2.262)) 

2.241^/; 

2.231^q 

767.8 

84.4 

0.6454 

757.4 

84.5 

0.5459 

7.57.2 

84.5 

0.5465 

2.221) „ 
2.211)7 
2 . 200 JJ 

756.9 

84.6 

0.5470 

7.50.6 

84.6 

0.6476 

750.2 

84.5 

0.6480 

2.190^0 

7.50.0 

84.6 

0.6485 

2.180). 

756.0 

84.6 

0.6489 

2,171 

2.102io 

755,3 

84.6 

0.5404 

754.9 

84.6 

0.5499 

2.162)). 

2.142}0 

2.132“^ 

■ 754.0 

84.6 

0.5604 

754.4 

84.0 

0.5609 

764,1 

84.6 

0.5614 

2.123„ 

2.114" 

753.8 

84.0 

0.6619 

753.4 

84.7 

0.6624 

2.1050 

753.1 

84.7 

0.6520 

2.096g 

762.8 

752.6 

84.7 

84.7 

0.5533 

0.5538 

2.087). 

2.078i| 

) 7.52.2 

84,7 

0.6543 

2.069'jj 

1 761.9 

84.7 

0.6548 

2.000). 

2.05r,l 

2.042" 

1 761.0 

84.7 

0.5653 

1 751.3 

84.8 

0.6557 

3 761.0 

84.8 

0.6662 

2.034o 

5 760.7 

84.8 

0.6607 

2.020?. 

2 750.4 

84.8 

0.6671 

2.017g 

9 760.1 

84.8 

0.6670 

2.000g 

siEm 

84.8 

0.6581 

2.001). 

8 749.E 

84.8 

0.568r 

1.992'(; 

1 749.S 

84. ( 

0.669( 

1.984g 


Density. 


•S 

'hr.n " 
.2P3 a, o 
® o e o 
Ofri 


194 

195 

196 

197 

198 

199 


0.435920 

200 

0.4.379„). 

0.43997 

0.44202J 

201 

202 

203 

0.4441),). 

204 

O.440ir,Y 

0.4482^J 

205 

206 

0.4503„) 

207 

0.4624r,f, 

208 

0.4544jj’ 

209 

0 . 45062 ^ 

210 

O.4580O1 

0.4607Sa 

211 

212 

0,4027^" 

213 

0.4648„) 

0.40697^ 

O. 409 O 2 I 

214 

215 

216 

0.4711(3). 
0.4781 f) 
0.475lg 

217 

218 

219 

0.477220 

220 

0.4792(3) 

0.4813:;j 

0.4834|J 

221 

222 

223 

0.4855(3) 

0.48767, 

0.489(i|j; 

224 

225 

226 

0.4917(3). 

0.49397 

0.4959|Jj 

227 

228 

229 

0,49792;^ 

230 

0.5000(3) 

O. 6 O 2 I 2 ,!; 

0,50412^ 

231 

232 

233 


17 















SATURATED STEAM — Oonti n W'd. 




234 395 . 19.7 

235 395.r)G.]7 

236 3U5.03'.j7 

237 390 . 30,7 

23 8 390.07 U 

239 397.()4;|.J 

240 397'4l3(3 

241 397.77.,o 

242 39B.13 

243 398.49'.;;; 

244 808.8.5.,. 

245 399 . 21 ;, 

I 246 399 . 57 :;;; 

247 iM)9.9fL,, 

248 4(K).2U,ik 

24 9 400.04;;^ 

250 40().99.jf5 

251 4(J1.34.,7 

252 4()l,0iC 

253 402.04;;g 

25 4 402.39 ,,7 

25 5 402.74;i 

25 6 403.09:;'. 

257 403.44„« 

25 8 403.79',: 

25 9 404,18:;^; 

260 404.47jj_| 

261 404.81,y 

262 40 . 5 . 15 ;; 

26 3 405.49:1:^ 

26 4 405.83..,, 
265 406.17;; 

ncc .(nrt Rl*’''' 


308.0 1202.5 8..).9 

iJGO.O 1202.0 8:):..(1 

309.4 1202,7 833..', 

OOO.B 1202.8 8 : 1:10 

370.2 1202.9 S:,2.( 

;570.0 120:1.0 8:12.4 


:ni.o 1120:1.2 

371.3 r2o:i.:i 
:i7l.7 120:1.4 
372. l 1203.5 

V,72.5 1203.0 
372.8 1203.7 i 

373.2 1203.8 

373.0 1203.9 
374.0 1204.0 

374.3 1204.1 


JSTri.H 1204.0 828.8 

070.2 1204.7 H2S..5 

37il..5 1204.8 828.:! 

370.0 1204.9 828.0 

377.3 120.5.0 1 .S27.7 
377.0 120.5.1 i 827..5 
37H.U 1 120.5.2 ' 827.2 


879.4 120.5.11 


7.19.0 .81.9 0..5.594 

718.7 84.9 0.-5599 

7.15.4 .84.9 0.500:1 

748.1 81.9 O..50O8 

7.17.,S si.9 0,5012 

I 747 ..5 81.9 O..5017 

I 747.:l ' 84.9 0..5021 

747.0 8.5,0 0.5020 

740.7 >85.0 0,50:50 

740.4 8.5.0 0.50:15 

710.1 8.5,0 0..50:)9 
74 . 5.9 85,0 0.5013 
7>t5.0 8.5.0 0..5048 

T15.3 85.0 U..50rt2 
745.0 85,0 0..50.50 
j 744 ..S I , 8 fj.O i 0,5001 

I 744.5 i 85.0 I 0.5005 | 

I 7-14.2 ! 8.5.1 j 0..5009 : 
i 744.0 j 8.5,1 I 0..507;i ; 
1 74:1.7 I 85.1 1 0.5078 ! 


0.5002.,.. 

0.5082:,, 

0.5103.7,; 

0.5123.,, 


o.r,i 8 o._,„ 

0.5200., 

0.5220:,Y 

0,.5247:; 

0,.520S.,, 
0..52S9r,.‘ 
0..5:!11.",; 

0..53:S2.,, 

0.535:1.7 

0.5:17:1.7; 

i o..5:}9:l. 


> 0.; 

5082 ' 

l.K'itU 

! 0.5 

175., 

1 0 .: 

5080 ' 

l.sioi. 

; 0.5 

4907 

. O.i 

5090 , 

1.842X 

i 

. 0,.5.5177 

0 . 

5I19.5 

l,!"iU,,„ 

0 .," 


tl. 

,5it99 

1.798,'. 

0 ,." 

UU*\K\ 

■ <•, 

.5(’o3 , 

1 . 792 !! 

I 

, 11,,1807 

0 . 

. , 1 11 , 


0.; 

, 0 iU., 

0 , 

.5711 

1 . 779 ,, 

0 ..' 


0 , 

57 1 ■ > 

1 . 77 .;.; 

o.i 

• 012 :; 

: 0 , 

Im'IO 

1 . 700.1 

) 

0 .: 

, 00 : i[ 

' 0 , 

;,‘;21 

1 . 759 , 

11 ., 

508 i_ 

: 1 ' 

,.5728 

1 . ,. 5 :',; 

0 . 

570 . 5 ; 

1 0 

, ll 

1 . 710 ' 

■ 1 ! »■ 

0 . 

57.'ii; 


400.84.V, 

407.18;; 

407 . 52;;3 

407.8533 

408,1.8, 
4U8..51;;;; 


3,80.8 1 1200.0 825.2 

,381,2 i 1200.1 .821.9 

381,5 I 1200.2 , 824.7 

, 381,9 ; I200.:l 821.1 

382,2 i 120(1.1 821,2 

382.0 1200.5 82.1.9 

382.9 I I20O.O ■ .vj:;." 


85,2 ((..5752 l,7!0«i 









SATURATED QHH AM —Continued. 





















TABLE 111. 

SATURATED STEAM. 

PKTSNCn tTNITS. 





























SATURATED STH A.m —Continued. 


34 ;?s).r)7i< 

35 41.HI5:}: 

36 44.2U7: 


51 96.05 


60 148.80 



o 

o 

% 

•c 

’p a> , 

Ph 

g'n-a 


"crt *4-* L>- 

S op 

W 

w 

r 

p 



5,1.027 010.0 
52.020 010.3 
153.018 016.6 


585.0 651.3 ,33.7 0.10740 31.65.. 

584.3 550.5 33.8 0.11067 29.98^" 

583.6 549.7 33.9 0.11392 2S.42|’; 


610 9 582.9 548.9 34.0 0.11716 26.94., 

617‘.2 582.2 548.2 34.0 0.12039 25.56"^', 

617.5 581.5 547.4 554.1 0.12362 24.25^, 

617.8 580.8 546.0 34.2 0.12083 23.02. 

618.1 580.1 545.8 34.3 0.13004 21.80. 

618.4 579.4 545.0 34.4 0.13324 20.77^^ 

618.7 578.7 544.2 34.5 0.1304 19.74y 

019 0 578.0 54!5,4 34.0 0.1390 18.76,, 

CIO'.O 577.3 542.6 34.7 0.1428 17.84^ 

019.6 070.0 541.8 34.8 0.1459 10.98^ 

I mo <1 575.9 541.0 34.9 0.1491 10.10. 


675.9 

641.0 

575.2 

640.2 

574,5 

639.4 

673.8 

638.0 

673.1 

637.8 

572,4 

637.0 

671.8 

53(5.3 

,571.1 

636.5 

670.3 

634.6 

6(39.6 

633.8 

608.9 

533.0 

6(38.2 

532.2 

607.5 

631.4 

600.8 

630.7 

606,1 

529.9 

665.4 

629.1 

664.7 

628.3 


35.5 0.1(579 

35.0 0.1710 

35.7 0.1741 

35.8 0.1772 


664.0 627.6 30.5 0.2016 
663,3 626.7 36.(3 0.2()4( 
662,6 626.9 30.7 0.2076 

661.8 625.0 30.8 0.2100 
Sn.l 624.2 86.9 0.2136 
.50(14 623.4 37.0 0.2166 



67.2 626.9 1 669.7 

68.2 627.2 

60.2 627.6 


0.03160 

0.03335 

0.03519 


0.03913; 

0.04124; 


0.08663 

0.09069 







































































S ATURATBD STEAM - aontlmuHl. 


fj § I 

.£ E .K h 
» S . H ^ . 
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SATURATED STEAM - Continued. 
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saturated steam-C oncJuaod. 
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SATURATED VAPOR OP ALCOHOL. 
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Table vi. 

SATUHATED VAPOR OP CHLOROPOHM. 
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Table viil 


SATCTBATED VAPOR OP CARBON TETRACHLORIDE. 
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TABLE X. 

SATURATED VAPOR OF AMMONIA. 
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SATURATED VAPOR OP SULPHUR DIOXIDE. 
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table XII. 

SPECIFIC GRAVITY AND SPECIFIC VOLUME OP LIQUIDS. 


Name of Liquid. 

Specific Gravity, compared with Water at 4° C. 

SpeciflcVoluma. 
Cubic Meters 
per Kilo. 

Alcoliol, CalTiiO. 

Etlier, C 4 H 10 O. 

Chloroform. 

Carbon bisulphide, CS 2 ... 
Carbon tetrachloride, CCI 4 • • 

Aceton, CsHfiO. 

Sulphur Dioxido SOg .... 
Ammonia JTIIa. 

0.80025 [Mendelejeff, 1869] .... 

0.736 [Kopp, 1860]. 

1.527 'Thorpe, isfe] . 

1.2922 'Thorpe, 1880]. 

1.6820 ’Thorpe, 1880]. 

0.81 ‘Zander, 1882]. 

1.4886 ‘Andrdeff, 1859]. 

0.6864 ‘Audrdeff, 1859]. 

0.001240 

0.001858 

0.000655 

0.000774 

0.000613 

0.00123 

0.0006981 

0.001571 
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VOLUME OF WATER. 

Vol. at 4® 0=1. 

[Rossetti, 1871] and [Him, 1867.] 
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Metcalfe’s Ordnance and Gunnery.12mo, with Atlas 

Murmy’s A Manual for Courts-Martial........ l 6 mo, morocco! 

Infantry Drill Regulations adapted to the Springfield 

Rifle, Caliber .45.32mo, paper, 

‘■'’i.Phelps’s Practical Marine Surveying. 8 vo 

Powell’s Aimiy Officer’s Examiner. 12 mo 

Sliarpe’s Subsisting Armies.....S 3 mo, morocco 

Very's Navies of tire World. 8 vo, baif morocco, 

Wlieeler’s Siege Operations. q„„ 


Winthrop’s Abridgment of Military Law., ...... .i 2 mo! 

Woodhull’s Motes on Military Hygiene.16mo 

Young’s Simple Elements-of Navigation.i 6 mo, morocco! 

(t (( ^ 

■' first edition.; 


$7 50 
2 00 

4 00 

5 00 

1 50 

10 

2 50 
4 00 

1 50 

3 50 

2 00 
2 50 

1 50 

2 00 
1 00 


ASSAYING. 


Smelting—Ore Dressing—Alloys, Etc. 


Fletcher’s Quant. Assaying with the Blowpipe..lOino, 

Furman’s Practical Assaying.... ^ ^ 

Kunhardt’s Ore Dressing.... 

O’Driscoll’s Treatnient of Gold Ores..■. 

RiOtcelts and Miller’s Notes on Assaying... 

Ihurstoii’s Alloys, Brasses, and Bronzes,.. 

Wilson’s Cyanide Processes.. 

The Chlorination Process... 


morocco, 

.8 VO, 

. 8 vo, 

. 8 vo, 

.... . 8 vo, 
.. .. 8 vo, 
.. . 12 mo, 
.. . 12 mo, 


1 50 
3 00 

1 50 

2 00 
3 00 
2 60 
1 50 
1 50 


ASTRONOMY. 

Practical, fliiEORETicAL, and Descriptive. 


Craig’s Azimuth,.. . 4 ^^, g 50 

Doolittle’s Practical Astronomy. gyg^ 4 qq 

Gore’s Elements of Geodesy.... 3 qq 

Hayford’s Text-book of Geodetic Astronomy... 8 vo. 3 00 

’^Michie and Harlow’s Practical Asti’onomy. 8 vo, 3 00 

’‘'White’s Theoretical and Descriptive Astronomy.l 2 mo, 2 00 
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botany. 

Gakdening mil LadikBi 



.. Small 8vo, 

$1 60 

Baldwin’s Orchids of Now Bugianu. 

.13mo, 

1 60 

Loudon’s Gardening for Ladies. (Downing.L 

.16uu), 

3 36 

Thome’s Struc.tural Botany.. ••• ■ 

Westermaicr’s Gen oral Botany. (Sclmeidor.). 


3 00 


bridges, roofs, Etc,, 


CkNa'IL®VKll—I)KAW— iriGHWAY—StlSl’ENfllON. 

{Sec also ENcuNiawuraa, p. 7.) 

. ..8vo, 

Bo1Uu-’ 8 Highway .. 

<' Tho ThamuH Rlvw* ..4to, papa, 

. ,,, ,, . .Hvo, 

Buvr’H SlreKsea in .. 

Oi-elujrt^’H of the Girder. • 

DmtBo'8 Tl.,«>i« ..’ ' 

Du Bol«'« Hlnwo« In I'rmiuul HIniotura.‘ ■ 


’Fostev'H Woodeu 'rrcmtle Bridgess. 

Greeue’a AveheH in •Wood, etc. 

" Bridge .. 

" Hotif ... 

Howe's Treiittse on Aveluis ... 

Johnson’« Modern Friunotl Biructurcm. 


.4to, 

.Hvo, 

.. ,.8vo, 

.Hvo, 

.Byo, 
. .Brnall 4t;o, 


JOlrnSOn H AlOUVri.* 

Mov-taum & .ruedy'. 


Part 1.. Stresaea.. 
Merriman & Jaaohy’ft 


Ttsxt'hook of Itoofa and Bridges. 


Part IL. Graphic Btatica 


Merrlman & Jacoby's 


Text4)ook of lioofa and Bridges. 


Part III., Bridge De»igi». ' • *“ V ’ ‘ ’ 7 ' 

Merrlraan & Jacoby’s Text-book of Hoofa and Bridges. 

Part IV.. Oontinuoui, Dmw. CantiUiver, Bttspwwion, and 
* .8vc). 

Arched Bridgea. .; ■ ' ^ 

* MoriBOu's The Memphte Bridge.. ..G i 

Waddell’8Iron Highway Brldgei. 

»' De Pontibus (a Pocket-book for Bridge Bngino«rs|. 

lOrno, morocco, 

■Wood’s Conatrnctlon of Bridges and Boofi. 

Wright’s Designing of Draw Spans. Parti I. and II. -Hvo, each 
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CHEMISTRY. 

Qualitative—Quantitative—Organic—Inokqanic, Etc. 

Adriauce’s Laboratory Calculations..12mo, $1 35 

Allen’s Tables for Iron Analysis..8vo, 3 00 

Austen’s Notes for Chemical Students. ISmo, 1 50 

Bolton’s Student’s Guide in Quantitative Analysis.8vo, 1 50 

Classen’s Analysis by Electrolysis. (Herrick and Boltwood.).8vo, 3 00 

Crafts’s Qualitative Analysis. (Schaeffer.). ISnio, 150 

Drechsel’s Chemical Reactions. (Merrill.)..ISmo, 125 

Eresenius’s Quantitative Chemical Analysis. (Allen.).8vo, 6 00 

“ Qualitative “ “ (Johnson.).8vo, 8 00 

" “ “ “ (Wells.) Trans. 

16th German Edition.8vo, 5 00 

Euertes’s Water and Public Health..13mo, 1 50 

Gill’s Gas and Fuel Analysis.13mo, 1 25 

Haramarsten’s Physiological Chemistry. (Maude!.).8vo, 4 00 

Helm’s Principles of Mathematical Chemistry. (Morgan). 12mo, 1 50 

Kolbe’s Inorganic Chemistry.13mo, 1 60 

Ladd’s Quantitative Chemical Analysis.12mo, 1 00 

Lnndauer’s Spectrum Analysis. (Tingle.).8vo, 8 00 

Lob’s Electrolysis and Electrosynthesis of Organic Compounds. 

(Lorenz.).12mo, 1 00 

Maudel’s Bio-chemical Laboratory..13mo, 1 60 

Mason’s Water-supply. 8vo, 6 00 

“ Examination of Water.13mo, 1 35 

Meyer’s Organic Analysis. (Tingle.) {In the press.) 

Miller’s Chemical Physics.... 8vo, 3 00 

Mixter’s Elementary Text-book of Chemistry.13mo, 1 50 

Morgan’s The Theofy of Solutions and its Results.13mo, 1 00 

“ Elements of Physical Chemistry.13mo, 2 00 

Nicliols’s Water-supply (Chemical and Sanitary)..8vo, 3 60 

O’Brine’s Laboratory Guide to Chemical Analysis.8vo, 2 00 

Perkins’s Qualitative Analysis.13mo, 1 00 

Pinner's Organic Chemistry. (Austen.).12mo, 1 60 

Poole’s Calorific Power of Fuels.8vo, 8 00 

Ricketts and Russell’s Notes on Inorganic Chemistry (Non- 

metallic).... ^.Oblong 8vo, morocco, 75 

Ruddiman’s Incompatibilities in Prescriptions. .8vo, 3 00 
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Bchimpf’s Volumetric Analysis.12mo, 

Spencer’s Sugar Manufacturer’s Handbook.16mo, morocco, 

“ Handbook for Chemists of Beet Sugar Houses. 

16mo, morocco, 

Stockbridge’s Rocks and Soils. 

Tillman's Descriptive General Chemistry. {In the press.) 

Van Deventer’s Physical Chemistry for Beginners. (Boltwood.) 

13mo, 

■Wells’s Inorganic Qualitative Analysis.12mo, 

“ Laboratory Guide in Qualitative Chemical Analysis. 

8 vo, 

Whipple’s Microscopy of Drinking-water.... 8 vo, 

Wiechmanu’s Chemical Lecture Notes.13mo, 

‘ ‘ Sugar Analysis.. • ..Small 8 vo, 

Wulling’s Inorganic Phar. and Med. Chemistry.12mo, 


DRAWING. 

Elementaky—Geometbioal—Mechanical- Topogbaphical. 

Hill’s Shades aud Shadows and Perspective.... 8 vo, 3 

MacCord’s Descriptive Geometry... 8 vo, 3 

" Kinematics.....® 

“ Mechanical Drawing. 8 vo, 4 

Mahan’s Industrial Drawing. (Thompson. 1.. S vols., 8 vo, 8 

Reed’s Topographical Drawing. (H. A.).4to, t 

Reid’.s A Course in Mechanical Drawing.... • • -Svo. i 

“ Mechanical Drawing and Elementary Machine Design. 

8 vo. {In the press.) 

Smith’s Topographical Drawing. (Macmillan.).8vo, 

Warren’s Descriptive Geometry.3 vols., 8 vo, 

“ Drafting Instruments.... • • • 

‘‘ Free-hand Drawing. . .. 

‘ ‘ Linear Perspective.. 

" Machine Construction... 3vols.,8vo, 

" Plane Problems... 

‘ ‘ Primary Geometry...13mo, 

“ Problems and Theorems... 

“ Projection Drawing.. 


6 





























Warren’s Shades and Shadows........gyQ ^300 

Stereotomy—Stone-cutting.. g 5 q 

Whelpley’s Letter Engraving......l2mo 2 00 

ELECTRICITY AND MAGNETISM. 

Illumination—Batteries—Physics—Railwats. 

Anthony and Brackett’s Text-hook of Physics. (Magie.) Small 

8vo, 3 00 

Anthony s Theory of Electrical Measurements.12mOj 1 00 

Barker’s Deep-sea Soundings.•... _gyo g qq 

Benjamin’s Voltaic Cell. _ gyo 3 qq 

“ History of Electricity...gyo 3 qq 

Classen’s Analysis by Electrolysis. tHerrick and Boltwood.) 8 vo, 3 00 

Cosmic Law of Thermal Repulsion....ISmc 75 

Ciehoie and Squier s Experiments with a New Polarizing Photo- 

Chronograph... .Svo, 3 00 

Dawson’s Electric Railwaj^s and Tramways. Small, 4 to, half 

morocco, 13 50 

* Dredge’s Electric Illuminations... .2 vols., 4 to, half morocco, 35 00 

Vol. II..4to, 7 50 

Gilbert’s De maguete. (Mottelay.).gyo^ g 50 

Holman’s Precision of Measurements. 8 vo, 2 00 

“ Telescope-mirror-scale Method.Large 8 vo, 75 

LOb s Electiolysis and Electrosynthesis of Organic Compounds. 

(Lorenz.)......13mo, 100 

*Michie’s Wave Motion Relating to Sound and Light,. 8 vo, 4 00 

Morgan’s The Theory of Solutions and its Results... 12 mo, 100 

Niaudet’s Electric Batteries. (Eishback.).. 12 mo, 2 50 

Pratt and Alden’s Street-railway Road-beds. 8 vo, 3 00 

Reagan’s Steam and Electric Locomotives.. .i3mo, 3 00 

Thurston’s Stationary Steam Engines for Electric Lighting Pur¬ 
poses. svo, 3 60 

*Tillman’s Heat... ^.Svo 1 50 

7 ... 
























ENOINRERINd. 

Cl VIL—M ECU AN IE A1, - -Ha n itan y , 

(See also Biiidgbs, p. 4; IIyduaulieh, jt. !); Matkiuai.8 of Kn« 
GINEISIUNG, p. 10; IVIeEIIANIES AND MAUmNEUV, p. 13; HTKAM 
Engines and Boidkkh, p. 14.) 


Baker’s Masonry Construction.... Hvt 

" Surveying InHtrunu,!nt.s.... I3iiu) 

Black’s XJ. S. Public Works...Ohlt.ng 4tE,' 

Brooks’s Street-railway Loeatioii....KSmo. moroEEu, 

Butts’s Civil Bnghieor.s’ Field Book.Itlmtj. rnofta'ini, 

Byrne’s Highway Constnuition......... 

“ Inspection of Malcsrials and WorkinuiiMhip,.. lOnu,', 

Carpenter’s E.YperimeiUal Engiinun’ing...... ,Hvh. 

Church’s Mechanics of Eiigineering-Rolid.H anti Fluids, .[ .'.Mvo' 

“ Notes and ExHinple.s in MetduuiiEH. .Hvu. 

Crandall’s Earthwork Tiiblcs..... .gvo 

■ ‘ The Transition Curve.Ithno, inomm*, 

* Dredge’s Penn. Hallroad Cuustruciion, etu. Bargy 

half iituroEt’it, 

* Drinker’s Tunnelling.-..4U,, half fnorDEEo, 

Eiasler’sExplosives-Nitroglycerino atul Dyuandtc. Mvu. 

Folwell’s Sewerage...Kv*»* 

Fowler’s Coffer-dam Process for I’iers.i [ lum. 

Gerhard’s Sanitary House Inspection... .Vgti,,,' 

Godwin’s Eallroud Engineer’s Fielddiook......ItlmD. iwsroecM* 

Gore’s Elements of Geodesy.. ... Nv.i* 

Howard's Transition Curve Field-book ..,...., ,Wnm, 

Howe’s Betainlng Walla {New Edition.)..... 

Hudson’s Excavation Table.H. Vol. U. '^hvu' 

Hutton’s Mechanical Engineering of Power Plaufa,...... .nvu* 


HUM iiiuriiri 

* Drinker’s Tunnelling.-.. 4 U,, half numtEt 

Eissler’s Explosives—Nitroglycerine atul Dyuandte. Mv 

Folwell’s Sewerage....... .Kv 

Fowler’s Coffer-dam Process for Piers. 

Gerhard’s Sanitary House Inspection..., |g»n 

Godwin’s Eallroud Engineer’s Fielddiook......Itlrno. iwsweci 

Gore’s Elements of Geodesy.. ... ,, nv. 

Howard's TrausiUon Curve Fiohl-book ..,...., ,Wnm, jih'uwe. 

Howe’s Betainlng Walla {New Edition.)..... jci,,,, 

Hudson’s Excavation Table.H. Vol. U. 

Hutton’s Mechanical Engineering of Power Plaum,...... .nv* 

Johnson’s Materials of Con.Htruciiou..... hv« 

Stadia Beductlon Diagram. .Shri'i, 334 ^int-h*-' 

“ Theory and Practice of Htirvtgiug.Hnmll ‘■H.. 

Kent’s Mechanical Engineer’s Pocket-bouk.ldm,i 

Kiersted’s Sewage I lisposal .. ‘ 1 , 

Mahan’s Civil Engineering. {Wootl.),......... Hvo 

Merriman and Brook’s Handbook fm* Surveyow... .ISttm. umt 
Merriman’s Geodetic Surveying.... X"; 

Betaiuing Walls and Masonry Dariw,,,, . , hvu 
XT 1 ? -xr Sanitary Engineering.‘ 

Sn’H ^ Kttgineir*......, nmmrJ, 

Ogden s Sewer Design, (in ths pr$$iA 

PMtou's Civil Englnoorlng.. 


ITi bo 
« IK) 
S 00 

1 fiO 

‘3 at) 

a (Hi 
51 IK) 
(i tHI 
0 IM) 

3 m 
1 

1 ao 

s.a ttd 

4 «i 
n «) 

8 W 
i w) 

5 50 

3 51) 

I SO 
I 35 
i (H) 
fi Oil 

1 : IH) 

.’tU 

4 do 

R 00 

I *S 

s mi 

i«» 

« c» 

I» 

11 » 

»c» 

1 w 






Patton's Foundations.., 

Pratt and Alden’s Street-railway Road ...00 

Kockwell’s Roads and PayemlnfsTn .. 3 00 

Searles's Field Engineering ^^rance. ^ 

“ Railroad Spiral..16mo, morocco, 3 00 

Siebert and Biggin’s Modern Stone Outtin T“Morocco, 1 50 
Smart’s Engineering Laboratory Practice ^ ^^sonry...Syo, 1 50 

Smith s Wire Manufacture and^Uses .• . 12 mo. 3 50 

Spalding’s Roads and Pavements .. 3 00 

^ “ Hydraulic Cement .. 2 00 

f aylor’a Prismoidal Formulas nnV w ' Vi,' “'.^^mo. 3 00 

Tta-mon. Materials of .. 1 M 

^ Tiautwioe s OWl Eogiaeert Pooketitaok.''' 'lemo m;'® 

^ Cross-section ••-romo, morocco, 5 00 

, ;; EravatioasandEm'bankmeMs.V.;.®^a™’ , 

Waddell s Do Poatibus (A PockeUbo* foi' Bridge “ 

■Wait's Eogiaeeriog aad Ar^teo.ural Jurisprud^e.'. TTo. 6 o"o 

. 

♦Webb’s Engineering Instruments.*^'.il;!.®™' ^ ®« 

" „ ■'’•;*;;---ioaio, morocco, • 50 

Wegmann’s Construction of Masonry ^Dams .^ ‘ ^ 

Wellington’s Location of Railways.^.. .^ 

Wheelers Civil Engineerinp- ■ .Small 8vo, 5 00 

Wolff’s Windmill as a Prime Mover’ ” ...^00 

. 3 00 


hydraulics. 

WATnn-wnnnns-WntnMrnns-Snnnion Rnn-Dnamann. Eto. 

(See also EisrGiiNBEiRiisfG, p. 7 ,) 

»' ’>’« Vein. 

Bovey’s Treatise on Hydraulics!!!!!.’... ^ 

Coffin’s Graphical Solution of Plydraulic Problems. ^ 

I errel’s Treatise on the Winds Cveinnoa i m ^.12mo, 3 50 

Punrtes's Water and Public Heate Tornadoes. .8vo, 4 00 

Ganguillet & Kutter's Plow of Water. jHe'ring & ^ 

Haven’s Plltration of Public Water SunnlT. . f™' ^ 

.g.. 2 00 
































Kiorsted’s Sewage Diaposal.. • • • • 

... PImo, 

I1 

'Si 

Mason’s Wnler Supply.....- 

.Svti. 

.b 

(Id 

“ Examination of Water... 

.,. It!mo, 

1 


Merriman’s Treatise on Hydraulics... 

..,,.Hvo, 

I 

fm 

]Snchois’.s Water Supply (Ohemical and Satdlary). 

.. .. ,Hvo, 

1' 

.’tb 

Wegmann'.s Water Supply of tlui City of Hew York . 

. . . .<llo, 

U) 

(It) 

Weisbacii’s nydra.nlics. (Du Buis.)..... 

.....Hvo, 

ft 

tin 

Whipple’s Microscopy of Drinking Water .. 


h 

ftp 

Wilson’s Irrigation Engineering.. 

....Hvo. 

‘1 

lilt 

“ Hydraulic and Placer Mining.. -,... 

,, .PJmo, 

n 

no 

WollI’.s Windmill as a Prime Mover. 

,, . , .Kvo, 

1! 

00 

Wood’s Theory of Turbines.. 

. ....HviJ. 


ftO 

MANUFACTURES. 

BoiLBKS“ExiUi()HIV}SH-”lKON»-STKr;i.'-HtHlAU-'- Wt 

MU.l.KHS, 

Ett' 


Alien'.s 'rabies for Iron Analysis,.... 

.. . . .Hvo, 

a 

(» 

Beauniont’s Woollen anti Wonstod Miinufaeture.. 

,., l2ttJo, 

! 

no 

Bolhuul’s Encyc!lt.)p!udia of .Fouuding TermH.... 

.. .Piiitti, 

a 

Oil 

“ The Iron Founder... 

. ..Blmo, 

a Ml 

*' “ “ " Supplement.. 

. . . 1 <.11101, 

■m 

m 

Bouvier’s Handbook on Oil Painling.. 

,.. Itiimo, 


mi 

Eisslor's .Explosives, Nitroglycerine and Dynnmito,,,. 

,,,,HVo, 

4 Wt 

Fodr’s Boiler Making for Boiltu' Makers.............. 

. . , Wolo. 

1 

t» 

Metcalfe’s Cost of MamifactnreB....... 

.. ., .Hvt*. 

fj tw 

MoLc,alf'.s Steel"—A Manual for Steel IJserii...... 

., .llhnit, 

•4 

till 

* Keisig’s Guido to Piece Dyeing. . 

. <■,, .Hvo, 

an 

m:i 

Spencer’s Sugar Mamifacturtsr's llantlbook , .. .Itbiw, 
" Handbook Ibr Ohiiniats of Beet .HHgnr 

ilotwr*!, 

s 

till 

Iflmo, 


;; 

Oo 

Thurston's Manual of Steam Bollera. 

.Hvo, 

ft ««» 

Walke’s Ijcctur 0 .s on Explosives. . 


1 

NO 

West’s Anutricau Foundry I^mctice. 

,,, |ym»», 



‘ ‘ Moidder’s Tcxt-ltook 




Wiechraauu’a Sugar Analysis.Small 

t! 

<0 

Woodlmry’a Fire Prottsetlon of Mills, 

,,,, .Hvo, 


no 


MATEWALS OF f-NOJNIiliRINO. 

M't’UKNfn'ii Kf.-vHTU'n'v t. Fir. 

{iSn* aisti Knuiskkhinu. j., i * 


Baker’s Masonry (.ionstruetion... ... 

» 

I oo 

Bcardshu) and Kont’s Stretigth of Wromdit Itoti.., . 


1 fto 

Bovey’s Strength of Materials.. 


1 fttt 

Burr's Elivstieily and Besi.siHtiee of .Msiferial'... 

, HIh, 

8 w» 

Byrne’s Highway (ionsirueiion... , 

...... 

ft m 
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Church’s Mecliauics of Ed ffiueerint)- ciaUvio i 

Bu Bo,.,., Stve^cs in 

Jobnson s Materials of Coustruction .Small 4to, 

Lauza’s Applied Mechanics . . 

Murtens’s Materials. fHennimr \.V.; I''' *' ‘ 

S"'“ ®T/"“''D-o'r'ation™;. ' "" ’"Z'o 

Alei 1 iman s Mechanics of Materials .« ’ 

“ Strength of Materials...1' 

Patton s Treatise on Foundations.‘ .. 

^ oc^lcwell’s Roads and Pavements in France .io 

Spalding’s Roads and Pavements. .Jo ’ 

rhui'stou's Materials of Construction.V ’ " 

' Vol fEngineering .‘.V. . 3 'vols’. 8vo! 

VOL I., iSTon-metallic . ” 

Vol. II., Ii-on and Steel... ^7^’ 

Vol. Ill,, Alloys, Brasses, and Bronzes..glo' 

Wood 3 Resistance of Materials.... o’ 

. oVO, 

mathematics. 

Calculub-Geombtry—Tiugonometry, Etc. 

Baker’s Elliptic Functions...... o 

Ballard’s Pyramid Problem....« 

Barnard’s T>yramid Problem. .o' 

^Bass’s Diirorential Calculus..... .... 

Bi'igga’s Plane Analytical Geometry.. ip®°' 

Chapman’s Theory of Etiuations...Jp ’ 

Compton’s Logarithmic Computations. imw 

Davas’s Introduction to the Logic of Algebra.. ...Svo’ 

IXalsted s Elements of Geometry. o’ 

Synthetic Geometry. t7^’ 

Johnson’s Curve Tracing.‘ ‘ 

Differential Equations—Ordinary and Partial. 

«« Tw Small 8vo, : 

Integral Calculus.. . 

Unabridged. Small 8vo. 

„ T .0 the press.) 

Least Squares. ^ 

♦Ludlow’s Logarithmic and Other Tables. (Bass.). ’ * ” Svo’ ^ 

“ Trigonometry with Tables. (Bass.). [[gvo ' 

Malian's Descriptive Geometry (Stone Cutting)__ gvo* 1 

Merriman and Woodwarcl’s Higher Mathematics[ gvo’ fi 

MoiTiiufiii^s Metliocl of Least Squares... 8vo* 9 

Parker’s Quadrature of the Circle. '.!!!!!!!! gvo' 2 

Rice and Johnson’s Differential and Integral Calculus, 

2 vols. in 1 , small 8 v 0 , 3 
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.Small 8vo, $3 00 

Bice and Johnson’s Dfflerentlal Oalcnlm^^^ ^ ^ 

.8vo, 3 00 

Totten’s Metrology.....2 vols., 8vo, 3 50 

Warren’s Descriptive Geometry.. • • •.ISmo, 1 3 

■ < Drafting Instruments . .12mo, 100 

u Free-hand Drawing .. ‘ ..8vo, 3 50 

“ Higher Linear Perspective ......^ ^ .12mo, 1 00 

Linear Perspective .. . . ..12mo, 

«< Primary Geometry. • ..l2mo, 1 35 

< < Plane Problems.. ‘ ].8vo, 3 50 

Problems and Theorems..12mo, 150 

“ projection Drawing... .3vo, 3 00 

Wood’s Co-ordinate Geometry...• •• '_•;.igjrio, 1 00 

■ ‘ Trigonometry. .. .Large 8vo, 3 00 

Woolfs Descriptive Geometry. 

MECHANICS-MACHINERY. 

TEXT-BOOKS asn PB-aciioal. Wokks. 

(See also Enginbbbing, p. 7.) ^ 

Baldwin’s Steam Heating •,;;;'.ISmo', 2 W 

S""—h'-.sTo', e oo 

» 0 

CrehoM'a Mechanics of the Qirdei...-----.150 

Cromwell’S Belts and Pulleys..Ig^ao, 1 oO 

First Lessons in Metal Worki g. ,12mo, 1 50 

S^rardDeavoodt-sSpeedLathc,........-.^ 1 50 

Dana’S Elementary Mechanics ••;••• .12mo, 3 00 

Dingey’s Machinery Pattern M^tng • • — •; Exposition. 

Sr/d^’s Trans. Exhrhtts Bmidrng^^^^^ 10 oo 

Bn MS’S Mechanics. tZ 

Yol. III.. Kinetics.•• -••-'smo; 100 

Fitzgerald’s Boston Machinist. •■•••* . 13 ^, 0 , 3 00 

Flather’s Dynamometers. .13nio, 3 00 

f< Hope Driving. .12mo, 1 00 

Hall’s Car Lubrication. .18mo, 75 

ai'MeihanicsrM 

(J» m prsM.) j Kinematics.. • -8™. ^ “ 

Jones’s Machine Design. . 









































metallurgy. 


IBON—Gold—S iLYBB—A llots, Etc. 




3 00 

Allen’s Tables for lyoji Analysis. 


7 50 

EgleSloo’c Gold and Men..uiy... 

.Large 8vo, 

7 50 

" Metallurgy ot .. 


16 00 

* ICorVs Metallurgy—Ooppei and lion. 


15 00 

It iDteel, Fuel, etc.... • 

. 8vo, 

1 50 

Kunbardt'a Ore D,« ®“2'TJsem' ’ V.' 


2 00 

Metcalf8 Steel-A ManuaHoi^btee^ Users. 

.8vo, 

2 00 

O’DriscolVs Treatment of Gold .. 


3 50 

Tluivston’s Iron and Steel...,. 


2 60 
1 50 

■Wllsou'fl Cyanide Processes. 




mineralogy and mining. 

Mm % AOCIDBNTB— Ybbtila-tion—Oeb Dbbssing, 

BMring«'» Minerals of Comraerclal Value.. ..Oblong mo.wo, 

Beanl'. Voiitilatiou of ““ii; yijginla.'.'..8vo, 

" ‘^pTboI X.1 Virgin J... .Pooket-boolr form, 


2 60 

2 50 

3 00 
2 00 































• ti-rro Tvrinpraloffv. Ngw Ed. 8vo, $4 0 

BrusU and Penfield’s Determinative Mmeialogy ..^ ^ 

Chester’s Catalogue of Minerals..... • • .paper, 5 

“ Dictionary of the Names _ ,Large 8vo, 1 C 

Dana’s American Locahties.o ‘ Large half morocco, 13 f 

« Descriptive Mineralogy. (E- S-)--• ° ^ . .3 , 

" Mineralogy and Petrogiap j^ (E. S.).13mo, 1 

“ Minerals and How to S lu y , • Edition. 8vo, 4 

.. Tod-book of 

* Drinker’s Tunnelling, Em 4to, half morocco, 25 

Eglestott's Cdiilogoe of Mineiote Dynamite.8 to, 4 

Bissler's Explosives—Nilrog y ,g jti, •. .Small 8vo, 2 

Huasalrt Bookformtag MmeialB. (Smith.).... ^ 

IMseng’s Manual of Muung. •••_"•''''' .8 to, 1 

KunharcU'a Ore Dressing m Buiopo-.....3 

O’Drisooll’s Treatment of GoM Oies. ^ ^ ^ ^ ^ . 

»Penleld’s Beoora of Mmua • • jiinernls and 

Bosenbuseli's Microseopical Pliyslogiapby...^ 

Bocks. (Itldings.K* ■ .. ..Large 8vo, 

Sawyer’s Accidents in Mines*..] ]!.. .8vo, ) 

Stockbridge’s Bocks ^d Soil . *. ..., 

Walke’s Lectures on Explosives■ • " ’ ^ ■.8vo, : 

"W’illbtms’s Lithology. .13mo, 

"i-;; Mfthg.:.::::.. 

STEAM AND ELECTRICAL ENGINES. BOILERS. Etc 

____M*MSK-LOOOMOTIVB-Gks BnsiNBe, Bto. 


BTa™r.a«-MA..lsK-Loou»o.. - 

(See aZso BNaiNffiBHiNG, p. 


Baldwin’s Steam Heating for Building ...•••• y y ^ 

Clerk’s Gas Engine.... . 's’' ".V. . 

Ford’s Boiler Making for Bodei Makers... _ _ _ _ ^ ^ _ _l3^o, 

Hemeuway’s Indicator Practice. . 

Hoadley’s Warm-blast .g^o, 

Kneass’s Practice and Theo y .. 

MejSs Modern Locomotive ObnstrucUon.... -y* • *_ ^ .. 

Peabody and Miller’s Steam-boilers... . 

Peabody’s Tables of Engine.. Svo, 

« Thermodynamics of the St^^m ^ g ^ .. 

11 Yalve Gears for the Steam- g • _ _Large Svo, 

pray’s Twenty Years with the _ ,13^0, 

Pupln and Oatciteg'a Tbermodynamios.. 


Large Svo, 
.. -. .13mo, 




































Reagan’s Steam arid Electric Locomotives.12mo, |2 00 

ROntgen’s Thermodynamics. (Du Bois.). 8vo, 5 00 

Sinclair’s Locomotive Running. .12mo, 2 00 

Snow’s Steam-boiler Practice.8vo. {In the press.) 

Thurston’s Boiler Explosions...12mo, 1 50 

“ Engine and Boiler Trials.8vo, 5 00 

“ Manual of the Steam Engine. Part I., Structure 

and Theory. 8vo, 6 00 

" Manual of the Steam Engine. Part II., Design, ■ 

Construction, and Operation.8vo, 6 00 

2 parts, 10 00 

Thurston’s Philosophy of the Steam Engine.12mo, 75 

“ Reflection on the Motive Power of Heat. (Carnot.) 

' 12mo, 1 50 

“ Stationary Steam Engines.8vo, 2 50 

“ Steam-boiler Construction and Operation.8vo, 5 00 

Spangler’s Valve Gears...8vo, 2 50 

Wcisbach’s Steam Engine. (Du Bois.).8vo, 6 00 

Whithara’s Constructive Steam Engineering.8vo, 6 00 

‘' Steam-engine Design. 8vo, 5 00 

Wilson’s Steam Boilers. (Flather.)...12mo, 2 50 

Wood’s Thermodynamics, Heat Motors, etc. .8vo, 4 00 


TABLES, WEIGHTS, AND MEASURES. 

For Aotxiaribs, Chkmists, Engineebs, Mbchanics—Metric 
Tables, Etc. 


Adriance’s Laboratory Calculations..12mo,. 1 25 

Allen’s Tables for Iron Analysis.8vo, 3 00 

Bixby’s Graphical Computing Tables... Sheet, 25 

Compton’s Logaritbn .. 12mo, 1 50 

Crandall’s Railway and Earthwork Tables.8vo, 1 50 

Egleston’s Weights and Measures. 18mo, 75 

Fisher’s Table of Cubic Yards..Cardboard, 25 

Hudson’s Excavation Tables. Vol. II....8vo, 100 

Johnson’s Stadia and Earthwork Tables.8vo, 1 25 

Ludlow’s Logarithmic and Other Tables. (Bass.).12mo, 2 00 

Totten’s Metrology.8vo, 2 50 

VENTILATION. 


Steam HruTiNG—H ouse Inspection—Mine Ventilation. 


Baldwin’s Steam Heating. .— 

Beard’s Ventilation of Mines. 

Carpenter’s Heating and Ventilating of Buildings 

Gerhard’s Sanitary House Inspection... 

Reid’s Ventilation of American Dwellings. 

Wilson’s Mine Ventilation.. • 


l2mo, 

2 50 

12mo, 

2 50 

GO 

< 

O 

3 00 

12mo, 

1 00 

12mo, 

1 50 

12mo, 

1 25 
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miscellaneous publications. 

Alcott’s Gems, Sentiment, Language.Oilt edges, 

Bailey’s The New Tale of a Tub...8vo, 

Ballard’s Solution of the Pyramid Problem.^ .8vo, 

Barnard’s The Metrological System of the Great Pyramid. .8vo, 

Davis’s Elements of Law. 

Emmon’s Geological Guide-book of the Rocky Mountains. .8vo, 

Perrel’s Treatise on the Winds... 

Haines’s Addresses Delivered before the Am. Ry. Assn. ..1/imo. 
Mott’s The Fallacy of the Present Theory of Sound. .Sq. Ihmo, 

Perkins’s Cornell University.Oblong 4to, 

Ricketts’s History of Rensselaer Polytechnic Institute.... .8vo, 
Rotherham’s The New Testament Critically Emphasized, 

12mo, 

“ The Emphasized New Test, A new translation. 

Large 8vo, 

Totten’s An Important Question in Metrology.. .8vo, 

Whitehouse’s Lake Mocris.. 

* Wiley’s Yosemite, Alaska, and Yellowstone.4:to, 

HEBREW AND CHALDEE TEXT-BOOKS. 

Fob Schools ahd Thhologioal Bkminabibs. 

Gesenius’s Hebrew and Chaldee Lexicon to Old Testament. 

(Tregelles.).Small 4to, half morocco, 

Green’s Elmnentary Hebrew Grammar.• • -ISmo, 

" ' Grammar of the Hebrew Language (New Edition).8vo, 

“ Hebrew Chrestomathy...- 

Letteris’s Hebrew Bible (Massoretic Notes in English). 

8vo, arabesque, 

MEDICAL. 

Bull’s Maternal Management in Health and Disease.12mo, 

Hammarsteu’s Physiological Chemistry. (Mandol.)....8vo, 

Mott’s Composition, Digestibility, and Nutritive Value of Food. 

Large mounted chart, 

Ruddiraan’s Incompatibilities in Prescriptions.8vo, 

Steel’s Treatise on the Diseases of the Ox.8vo, 

“ Treatise on the Diseases of the Dog. .8vo, 

Woodhull’s Military Hygiene.Wmo, 

Worcester’s Small Hospitals—Establishment and Maintenance, 
including Atkinson’s Suggestions for Hospital Archi¬ 
tecture... 13mo, 
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